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POTENTIAL HAZARDOUS WASTE SITE PRELIMINARY ASSESSMENT

PART I: SITE INFORMATION

i.

2.

3

4.

9.

Site Name/Alias TutuEsso

Street Route 384 (Tutu District)

City St. Thomas_________

County NA

State U.S.Virgin Islands Zip08002
•

County Code NA Cong. Dist. NA

EPAIDNo. New Site

Latitude 18°20'25"N Longitude 64" 53' 18" W

USGS Quad. Eastern St. Thomas. U.S. Virgin Islands

Owner_EssoVI Inc. Tel. No.(809) 792-2920

Street GPO Box 4269

City San Juan State Puerto Rico

Operator Danill Bayard Tel. No. 809-775-2360

Zip 00936

Street P.O. Box 7441

City St. Thomas State U.S. Virgin Islands Zip 00801

Type of Ownership

[HI Private Q Federal D State

n County Q Municipal Q Unknown

Owner/Operator Notification on File

DRCRA3001 Date_______ DCERCLA103c

[x] None Q Unknown

Other

Date

Permit Information

Permit

None

Permit No. Date Issued Expiration Date Comments

10. Site Status

[x] Active Q Inactive

11. Years of Operation 1969 to

Unknown

Present

'! UT Oui :,:::2i8
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12. Identify the types of waste units (e.g., landfill, surface impoundment, piles, stained soil,
above- or below-ground tanks or containers, land treatment, etc.) on site. Initiate as many
waste unit numbers as needed to identify all waste sources on site.

(a) Waste Management Areas

Waste Unit No. Waste Unit Type Facility Name for Unit

1 Underground Storage Tanks Waste Oil Underground Storage Tanks

(b) Other Areas of Concern

Identify any miscellaneous spills, dumping, etc. on site; describe the materials and identify
their locations on site.

No miscellaneous spills, incidents of dumping, etc, were observed on the site during the NUS
Corp. Region 2 FIT on-site reconnaissance. It should be noted, however, that an underground
gasoline tank has been suspected of leaking on site._________________________

13. Information available from

Contact Amy Brochu_______ Agency U.S. ERA________ Tel. No. (201)906-6802

Preparer Joseph Mayo______ Agency NUS Corp. Region 2 FIT Date 3/24/89______
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PART II: WASTE SOURCE INFORMATION

For each of the waste units identified in Part I, complete the following six items.

Waste Unit 1 - Underground Storage Tanks , Waste Oil Underground Storage Tanks

1. Identify the RCRA status and permit history, if applicable, and the age of the waste unit.

There is no known RCRA permit for the underground storage tanks for waste oil The
manager indicated that the tanks were installed in 1969 *

2. Describe the location of the waste unit and identify clearly on the site map.

The waste units are located underground below a tire rack inside the garage.

3. Identify the size or quantity of the waste unit (e.g., area or volume of a landfill or surface
impoundment, number and capacity of drums or tanks). Specify the quantity of hazardous
substances in the waste unit.

The volume of the storage tanks is unknown.

4. Identify the physical state(s) of the waste type(s) as disposed of in the waste unit. The
physical state(s) should be categorized as follows: solid, powder or fines, sludge, slurry,
liquid, or gas.

The physical state of the waste oil in the tanks is liquid.

5. Identify specific hazardous substance(s) known or suspected to be present in the waste unit.

The waste units contain waste oil from automotive repair and servicing act iv i t ies The
manager indicated that only waste oil was put in the tanks. Solvents and cleaners are not
disposed of in the tanks Tank sampling, conducted by Cenref Labs and Belgodere and
Associates Inc., indicates the presence of toluene, ethylbenzene, and xylene in wastes stored
there.

6. Describe the containment of the waste unit as it relates to contaminant migration via
groundwater, surface water, and air.

The waste is contained in underground storage tanks. There is no information that indicates
that the tanks are leaking; therefore, there is little potential for contaminant migration to air,
groundwater, or surface water. The manager indicated that the tanks are periodically
emptied by ESSO Corp and the waste is shipped off St. Thomas for disposal.

Ref. Nlos. 1, 18. 19.20.21,22
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PART III: HAZARD ASSESSMENT

GROUNDWATER ROUTE

1. Describe the likelihood of a release of contaminant(s) to the groundwater as follows:
observed, alleged, potential, or none. Identify the contaminant(s) detected or suspected, and
provide a rationale for attributing the contaminant(s) to the facility.

There is a potential for contaminants to be released from the waste oil storage tanks to
groundwater. The manager of the facility indicated that only waste oil was stored in the
tanks. Cleaners and solvents are not put into the tanks. Small quantities of contaminants may
have been introduced into the oil in the normal course of its use as motor oil. Tank sampling
indicates the presence of toluene, ethylbenzene, and xylene in wastes stored on site* in the
tanks; however, these results are questionable due to chain-of-custody problems. A soil gas
vapor study also confirmed chlorinated hydrocarbons on site.

Ref. Nos. 1,21,22

2. Describe the aquifer of concern; include information such as depth, thickness, geologic
composition, permeability, overlying strata, confining layers, interconnections,
discontinuities, depth to water table, groundwater flow direction.

The rock units of St. Thomas and St. John are divided into three major groups: the Water
Island Formation, the Virgin Island Group, and an unnamed group of diontic plutons The
Water Island Formation, which is late lower Cretaceous in age, consists of keratophyre and
spillates. The Virgin Island Group, which is probably early Cretaceous or Albian in age, consists
of andesitic-pyroclastic rocks and sedimentary formations. The Virgin Island Group is divided
into four formations: the Louisenhoj Formation, which consists of augite-andesite breccia,
tuff, and conglomerate; the Outer Brass Limestone, which consists of partially silicified-
tuffaceous-radiolarian-limestone; the Tutu Formation, which consists of tuffaceous wacke,
including megabreccia near the base and limestone near the top; and the Hans Lollik
Formation, which may be Eocene in age and consists of augite-andesite breccia and tuff. The
final group is made up of one or more diontic plutons. These unnamed dikes and plugs of
quartz-andesme-hornblende porphyry are Upper Cretaceous and Lower Tertiary in age.
Alluvian deposits are quaternary in age

The Water Island Formation, which consists of 95 percent volcanic flow breccias, was probably
extruded on a relatively level ocean floor The absence of terrigenous sediments from this
formation indicates that there were no emergent islands present in the area at the time of
extrusion. Emergent islands would have served as a source of weather sediments or detritus,
which are not present in this formation. There is evidence that sea floor subsidence occurred
during the greater part of the accumulation of this formation. However, :he subsidence was
not rapid enough to maintain a constant water level, thereby causing explosive eruptions near
the top of the formation. Regional uplift occurred near the end of the Water Island time.

The Louisenhoj Formation of the Virgin Island Group unconformably overlies the Water Island
Formation and crops out on about half of the land area on St. Thomas. Pillsbury Sound
between St. Thomas and St. John was the origin of this formation. Evidence of this center is
based upon the coarseness of volcanic ejecta in the formation in nearby eastern St. Thomas
and western St. John. Material is less coarse and tuffs are more predominant as one moves
further east and west away from the center or origin. This augite-andesite formation ranges
in thickness from 4,000 to 13,000 feet In certain areas of St. Thomas and St. John
conglomerates are interbedded with andesitic rocks at the base of this formation. The
depositional environment of this conglomerate varies from location to location throughout
this formation.

The Outer Brass Formation of the Virgin Island Group is mostly siliceous limestone which
overlies the Louisenhoj Formation This limestone formation is an offshore deposit formed by
radiolanan and foraminiferal remains including a minor amount of tuff. Thicknesses are
known to be at least 600 feet

"!; i'T no.I 222.1



02-8902-43-PA
Rev. No. 1

Overlying the Outer Brass Formation is the Tutu Formation. The Tutu Formation is fine- to
coarse-grained volcanic wackes, which are termed flysch. This formation is derived from
eroding sediments from the Louisenhoj andesites. Exposed thicknesses are known to be as
much as 6000 feet. Within this formation are a megabreccia lithofaoes with an average
thickness of 30 feet and a limestone member with a thickness up to 300 feet.

The Hans Lollik Formation, which consists of at least 10,000 feet of augite-andesite pyroclastic
rocks, crops out on Little Hans Lollik Island. Dioritic plutons are located in Pillsbury Sound
between St. Thomas and St. John; in the narrows, between St. John and the British Virgin
Islands; and south of St. Thomas. The exact delineation of these plutons is uncertain.
Throughout the islands isolated dikes of quartz-andesine porphyries, andesme-hornblende
porphyries, lamprophyres, breccias, and pegmatites appear

Folding occurred after the deposition of the Virgin Island Group. Rocks were tilted to form a
northward-dipping homocline, which is cut by sets of faults trending N 45°W, N 55°E, and
north. Well-defined joint sets parallel each of the major fault trends. Dips range from 1 5° to
90° with the average being 40°. Strike-slip faults have horizontal offsets of less than 1 mile.
Two major strike-slip graben structures or fault systems exist. The first passes through
Redhook, St. Thomas and the eastern tip of Lovango Cay. The second crosses St. John, from
Contact Point on the southwest to Brown's Bay on the northeast.

Most recent Pleistocene to Holocene a l luv ia l deposits occurred onmanly in coastal
emoayments. However, a narrow bank of alluvium extends up to Turpentine Run on the east
end of the island. Most of these deposits are composed of silt, clay, and thin, discontinuous
beds of sand and gravel. Maximum thickness of these is 50 feet.

Groundwater movement is limited to openings and joints along fault zones. Regional
geologic information is insufficient to determine whether these fractures and fault zones are
present in all of the above formations; however, for this report it is assumed that the fractures
and fault zones are present in all of the formations. The valleys on the island are the result of
weak zones caused by faulting and jointing and are primary recharge areas for groundwater
Alluvial deposits have a high porosity but low permeability, making this aquifer unfavorable
for groundwater production. In coastal embankments throughout the island, saltwater
intrusion is widespread in alluvial deposits. In most areas, alluvial deposits are interconnected
with bedrock and act to recharge precipitation to the underlying bedrock.

The direction of groundwater flow in the Turpentine Run Basin Aquifer is south-southeast
which is generally along the direction of flow of Turpentine Run Depth to groundwater in
the aquifer ranges from 5 to 60 feet, and the altitude of the water levels ranges from 1 to 209
feet above mean sea level.

Ref. Nos 8, 10, 14

3. Is a designated sole source aquifer within 3 miles of the site?

No sole source aquifer, as designated in the Federal Register, is located within 3 miles of the
site.

Ref. No. 7

4. What is the depth from the lowest point of waste disposal/storage to the highest seasonal
level of the saturated zone of the aquifer of concern?

The lowest point of the waste oil storage tank is unknown. It is assumed that the bottom of
the tank is at least 6 feet below the ground surface. Depth to groundwater in Four Winds
Shopping Plaza Well Nos. 1 and 2 is 13 feet and 9 feet, respectively. The Four Winds Shopping
Plaza wells are located approximately 400 feet from the Tutu Esso facility. The depth from the
lowest point of waste storage (6 feet) to the highest seasonal level of the saturated zone (9
feet) is 3 feet

Ref. Nos 1 ,2 ,8 !UI °Oi """
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5. What is the permeability value of the least permeable continuous intervening stratum
between the ground surface and the aquifer of concern?

There are no continuous intervening strata between the ground surface and the bedrock
aquifer. Soils are generally thin in the area around the site. The water-bearing formations in
the Turpentine Run Basin Aquifer are composed primarily of fractured and jointed volcanic
rocks. The range of hydraulic conductivities associated with these formations is 10 3 to 10°
cm/sec.

Ref. Nos. 9, 10, 14

•

6. What is the net precipitation for the area?

Net precipitation is usually calculated by subtracting mean annual lake evaporation (a
surrogate measure for evapotranspiration) from normal annual total precipitation. Mean
annual lake evaporation information was not available for St. Thomas; however,
evapotranspiration data were available. These data indicate that 95.8 percent of the incident
precipitation on St. Thomas is lost through evapotranspiration. The normal annual total
precipitation for St. Thomas is 43.74 inches, but because of orographic effects on the Island,
normal annual total precipitation can range from 35 inches to 50 inches over short distances.
in the Turpentine Run Basin, normal annual precipitation is 40 inches. Calculations for net
precipitation are provided below:

40 inches precipitation x 95.8 percent lost to evapotranspiration = 38 32 inches lost to
evapotranspiration

40 inches precipitation - 38.32 inches lost to evapotranspiration = 1.68 inches net
precipitation.

Ref. Nos. 3, 5, 11, 12

7. Identify uses of groundwater within 3 miles of the site (i.e., private drinking source,
municipal source, commercial, industrial, irrigation, unusable).

Groundwater within 3 miles of the site is used as a source of private and municipal drinking
water, and for commercial purposes There are at least 41 wells within 2 miles of the site
Thirty-six of these wells are within 1 mile of the site. Sixteen of these wells have been ordered
closed because of contamination with volatile organic compounds

Ref. Nos. 6,8

8. What is the distance to and depth of the nearest well that is currently used for drinking or
irrigation purposes?

Distance 1 1 00 feet __________ Depth Unknown __________

The nearest well that is used for domestic purposes is the Francois Laplace well. It is uncertain
whether this well is used for drinking. A number of wells in the vicinity of the Francois well
have been closed because of contamination with volatile organic compounds.

Ref. Nos. 6, 8

9. Identify the population served by the aquifer of concern within a 3-mile radius of the site.

It is difficult to estimate the population served by groundwater on St. Thomas, as there are
few records available on groundwater withdrawal, sale, and transport. The locations of some
wells in St. Thomas are unknown, and there are reports of illegal drilling on the island. It is
estimated that there are 500 to 600 private wells on St. Thomas. Most of these are used for
nondrinking domestic uses such as washing and flushing, although some may be used for
drinking. There are a number of wells that are used for commercial purposes Water from
these wells is trucked to private houses and pumped into cisterns to augment T, , , , ,. ,
collected from roofs. Groundwater is also bottled and sold in supermarkets
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There are at least 41 wells in the Turpentine Run Basin. Recently 16 of these wells have been
ordered closed because they were found to be contaminated with volat i le organic
compounds. One of these wells was a major supplier of water to the eastern end of the island.

Estimates of the population using groundwater as a source of drinking water range from none
to approximately 11,000--the population of the Turpentine Run Basin which is not served by
water from the desalinization plant. The actual population served by groundwater is
probably less than 11,000, as desalinated water and water from wells outside the 3-mile radius
is trucked into the area.

Ref. Nos. 8, 12, 13, 16, 17

SURFACE WATER ROUTE

10. Describe the likelihood of a release of contaminant(s) to surface water as follows: observed,
alleged, potential, or none. Identify the contaminant(s) detected or suspected, and provide a
rationale for attributing the contaminants to the facility.

No potential exists for wastes to the released to surface water. Waste oil is stored in an
underground storage tank. The tank is located under the garage, and no incidents of leaks or
spills have been reported.

Ref. No. 1

11. Identify and locate the nearest downslope surface water. If possible, include a description of
possible surface drainage patterns from the site.

Not applicable. Containment of the waste unit precludes any release to surface water

Ref. No. 1

12. What is the facility slope in percent? (Facility slope is measured from the highest point of
deposited hazardous waste to the most downhill point of the waste area or to where
contamination is detected.)

Not applicable Containment of the waste unit precludes any release to surface water

Ref. No. 1

13. What is the slope of the intervening terrain in percent? (Intervening terrain slope is
measured from the most downhill point of the waste area to the probable point of entry to
surface water.)

Not applicable. Containment of the waste unit precludes any release to surface water

Ref. No. 1

14. What is the 1-year 24-hour rainfall?

Not applicable. Containment of the waste unit precludes any release to surface water

Ref. No. 1

15. What is the distance to the nearest downslope surface water? Measure the distance along a
course that runoff can be expected to follow.

Not applicable Containment of the waste unit precludes any release to surface water

Ref. No 1 ' UT 001
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16. Identify uses of surface waters within 3 miles downstream of the site (i.e., drinking,
irrigation, recreation, commercial, industrial, not used).

Not applicable. Containment of the waste unit precludes any release to surface water.

Ref. No. 1

17. Describe any wetlands, greater than 5 acres in area, within 2 miles downstream of the site.
Include whether it is a freshwater or coastal wetland.

Not applicable. Containment of the waste unit precludes any release to surface water *

Ref. No. 1

18. Describe any critical habitats of federally listed endangered species within 2 miles of the site
along the migration path.

Not applicable. Containment of the waste unit precludes any release to surface water

Ref. No. 1

19. What is the distance to the nearest sensitive environment along or contiguous to the
migration path (if any exist within 2 miles)?

Not applicable. Containment of the waste unit precludes any release to surface water.

Ref. No. 1

20. Identify the population served or acres of food crops irrigated by surface water intakes
within 3 miles downstream of the site and the distance to the intake(s).

Not applicable. Containment of the waste unit precludes any release to surface water

Ref. No. 1

21. What is the state water quality classification of the water body of concern?

Not applicable Containment of the waste unit precludes any release to surface water

Ref. No. 1

22. Describe any apparent biota contamination that is attributable to the site.

Not applicable. Containment of the waste unit precludes any release to surface water

Ref. No. 1

AIR ROUTE

23. Describe the likelihood of a release of contaminant(s) to the air as follows: observed,
alleged, potential, none. Identify the contaminant(s) detected or suspected, and provide a
rationale for attributing the contaminant(s) to the facility.

There is a potential for contaminants to be released to the air. Waste oil is contained in
underground storage tanks. There are no reports of any spills, and the wastes are not known
to contain volatile compounds, however, volatile compounds have been detected in soil gas
vapor screening surveys

Ref Nos 1,22
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24. What is the population within a 4-mile radius of the site?

Based on the 1980 census, the population within 4 miles of the site is approximately 36,000.

Ref. No. 15

FIRE AND EXPLOSION

25. Describe the potential for a fire or explosion to occur with respect to the hazardous
substance(s) known or suspected to be present on site. Identify the hazardous substance(s)
and the method of storage or containment associated with each.

Wastes on site are stored in an underground storage tank; however, due to their volatile
nature, there is a potential for fire or explosion conditions present on the site.

Ref. Nos.1,22

26. What is the population within a 2-mile radius of the hazardous substance(s) at the facility?

Based on the 1980 census, the population within 2 miles of the site is approximately 19,000.

Ref. No. 15

DIRECT CONTACT/ON-SITE EXPOSURE

27. Describe the potential for direct contact with hazardous substance(s) stored in any of the
waste units on site or deposited in on-site soils. Identify the hazardous substance(s) and the
accessibility of the waste unit.

There is no potential for direct contact with hazardous substances. The waste is stored in an
underground storage tank under a garage. The area of the storage tank is accessible only to
workers.

Ref. No. 1

28. How many residents live on a property whose boundaries encompass any part of an area
contaminated by the site?

There is no evidence that any residential areas have been contaminated by the site

Ref. No. 1

29. What is the population within a 1-mile radius of the site?

Based on 1980 census data, the population within 1 mile of the site is approximately 1 1,000.

Ref. No. 15
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PART IV: SITE SUMMARY AND RECOMMENDATIONS

Tutu Esso is an automotive service station located in the Tutu area of St. Thomas, U.S. Virgin Islands.

The primary activities at the site are gasoline sales and automotive repair and maintenance. The

area within approximately 1 mile of the site is densely populated and contains some commercial

properties. The Four Winds Plaza shopping center is located just west of the site There are large

housing developments northwest, north, and east of the site. Beyond 1 mile, there are scattered

smaller villages and towns. The densely populated and highly commercial town of Charlotte Amalie

is located approximately 2.5 miles west of the site.

On February 15, 1989, NUS Corp. Region 2 FIT conducted an on-site reconnaissance of the Tutu Esso

Site. The station manager indicated that all waste oil from the station operations was stored in two

underground tanks located under a tire rack in the garage. The tanks have been in use since about

1969 and contain only automotive waste oil which is periodically removed by Esso Corp and

disposed of off St. Thomas. The volume of the tank is unknown, and there are no known permits for

the tanks.

The waste oil at the Tutu Esso station is contained in underground tanks. There is no evidence that

the tanks are unsound or that there were any spills or releases to the en Tonment. The tanks

reportedly hold only waste oil which is disposed of by Esso Corporation. Based on the waste

containment, there is no potential for contamination of surface water or air, and there is no

potential for fire and explosion or exposure by direct contact. There is a small potential for

groundwater contamination if the tanks are unsound; however, there is no evidence of this On the

basis of the above information, a recommendation of MEDIUM PRIORITY is provided

There were no known enforcement actions taken against Tutu Esso in the past However, the

owners of the Tutu Esso Site have been identified as one of nine potentially responsible parties in the

contamination of groundwater in the Tutu area. In July and August of 1987, EPA confirmed by

sampling that volatile organic compounds were present in a number of wells in the Tutu area. One

of the wells was a major source of commercially provided potable water for the eastern end of the

island. Additional sampling of wastes on site indicated the presence of toluene, ethylbenzene, and

xylene; however, these results are suspect due to problems with regard to chain-of-custody integrity.

Soil gas vapor sampling indicates the presence of chlorinated hydrocarbons. EPA removal action

activities in the Tutu area included sampling of wells and cisterns, removal of contaminated water

from cisterns, cleaning of cisterns, and supplying of clean water on a regular basis to affected

residents.

Additional sampling procedures are recommended to ascertain the extent, if any, of contamination

associated with this site. ! u i ooi :,:.•:



ATTACHMENT A

MAPS AND PHOTOS

*No photos were taken as the waste unit was below ground.
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Overlying the Outer Brass Formation is the Tutu Formation. The Tutu Formation is fine- to
coarse-grained volcanic wackes, which are termed flysch. This formation is derived from
eroding sediments from the Louisenhoj andesites. Exposed thicknesses are known to be as
much as 6000 feet. Within this formation is a megabreccia lithofacies with an average
thickness of 30 feet and a limestone member with a thickness up to 300 feet.

The Hans Lollik Formation, which consists of at least 10,000 feet of augite-andesite pyroclastic
rocks, crops out on Little Hans Lollik Island. Dioritic plutons are located in Pillsbury Sound
between St. Thomas and St. John; in the narrows, between St. John and the British Virgin
Islands; and south of St. Thomas. The exact delineation of these plutons is uncertain.
Throughout the islands isolated dikes of quartz-andesine porphyries, andesine-hornblende
porphyries, lamprophyres, breccias, and pegmatites appear.

Folding occurred after the deposition of the Virgin Island Group. Rocks were tilted to form a
northward-dipping homocline, which is cut by sets of faults trending N 45°W, N 55°E, and
north. Well-defined joint sets parallel each of the major fault trends. Dips range from 15° to
90° with the average being 40°. Strike-slip faults have horizontal offsets of less than 1 mile.
Two major strike-slip graben structures or fault systems exist. The first passes through
Redhook, St. Thomas and the eastern tip of Lovango Cay. The second crosses St. John, from
Contact Point on the southwest to Brown's Bay on the northeast.

Most recent Pleistocene to Holocene alluvial deposits occurred primarily in coastal
embayments. However, a narrow bank of alluvium extends up to Turpentine Run on .the east
end of the island. Most of these deposits are composed of silt, clay, and thin, discontinuous
beds of sand and gravel. Maximum thickness of these is 50 feet.

Groundwater movement is limited to openings and joints along fault zones. Regional
geologic information is insufficient to determine whether these fractures and fault zones are
present in all of the above formations; however, for this report it is assumed that the fractures
and fault zones are present in all of the formatins. The-valleys on the island are the result of
weak zones caused by faulting and jointing and are primary recharge areas for groundwater.
Alluvial deposits have a high porosity but low permeability, making this aquifer unfavorable
for groundwater production. In coastal embankments throughout the island, saltwater
intrusion is widespread in alluvial deposits. In most areas, alluvial deposits are interconnected
with bedrock and act to recharge precipitation to the underlying bedrock.

The direction of groundwater flow in the Turpentine Run Basin Aquifer is south-southeast
which is generally along the direction of flow of Turpentine Run. Depth to groundwater in
the aquifer ranges from 5 to 60 feet, and the altitude of the water levels ranges from 1 to 209
feet above mean sea level.

Ref. Nos. 10, 14

3. Is a designated sole source aquifer within 3 miles of the site?

No sole source aquifer, as designated in the Federal Register, is located within 3 miles of the
site.

Ref. No. 7

4. What is the depth from the lowest point of waste disposal/storage to the highest seasonal
level of the saturated zone of the aquifer of concern?

The lowest point of the waste oil storage tank is unknown. It is assumed that the bottom of
the tank is at least 6 feet below the ground surface. Depth to groundwater in Four Winds
Shopping Plaza Well Nos. 1 and 2 is 13 feet and 9 feet, respectively. The Four Winds Shopping
Plaza wells are located approximately 400 feet from the Tutu Esso facility. The depth from the
lowest point of waste storage (6 feet) to the highest seasonal level of the saturated zone (9
feet) is 3 feet.

Ref. Nos. 1,2,8 ''J ' h -J-
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TABLE 4. - Water budget, in cubic hectometer* per year (km*/yr) and percent, for Puerto Rico iby

North Coast Province
West coast to Rio Grande de

Rio Grande Arecibo to Rio
'le Arecibo <le La Plata

hm'hrr Percent hny/vr Percent

Puerto RKO
South Province

RiudeLa
Plata to Rio

£*ptntu Santo
hnV'vr Percent

Patillaa
to

Ponce
hnV'vr Percent

TalU
b

Gua
hmVyr

iboa

Percent hnV/yr Percent

West Coast
province

hm»'vr Percent

Input

I'rrcipiuuun
MreamtViw
Diversions

h7() Vi.2
590 46 8

4 10 50 6
320 39.5
80 9.9

60
175

25.5 100 '2 8
74.5 4 4 1 2
__ 33 .MO

160 29 0
*80 71 U

Output
tvapulraspiralion
Stream uutfluw
Ijrnund-waler loss ui

wetlands IT s«a
liround-waler

withdrawals':
T.Hal
Industry

____ 1.410 61.3 H04 34.11
St>5 37.6 1 360 '>8.9

. ___ 15 .7 »6 X7

10 4 60 26
___ 9 _ _ 26

100 JJ8
920 730

M 1 6

20 16
5 __

15

4JO M.L
190 235

20 25

170 21.0
19

143
8

60
100

15

60

37
2

25.5 120 373
42. ( 11 *0

6.4 6.3 4 6

25.5 1 1

J70 21.8
I'M 74 2

40 3.2

10 8
10

1 All tfruund waUrr withdrawn was asuumed Uj b« fur cunsumplMin ^ it is rait available fur uther UMT«.

1000

•00

Public Supply
(Pu*rto Rieo Aqutducl and S«w*r Authority)

29
20

S '•w
>• 10

£ 9

S o

LICHT INOUSTMY

OOMESTIC AND
COMMERCIAL

19*9 2000

TOTAL VrTMOftMALS
(Eicta4j«t

2000

Fn i KK 17.-Water-use estimates. A. For Puerto Rico: public-supply data provided by the Puerto Rico Aqueduct and Sewer Authority
(moditieii from Morris. 1»76). B. For the U.S. Virgin Islaixls.
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province) and itt offtkort itUatdt (Viequei, Cuiebra. and Mono. Islands/ and for the U.S. Virgin Island* 1975

ii-C«>nlinutil I' S V irifiii

Eaiii CUUL
pnivirxv

12
IU

Inlrnor
pptvino

Hurrlu Kicii
Island i<>ul Vtt-qur>

P*rc*-ni hmj' Prrrrnt rtmj(>r &Yrvrnt hm j<yr rVrrmi ni rim-1", r Hen

Input-— Continued

43.3
567

llXJ 15.B2U

Output — Continued ^^~

L~*
580

JO

3I.U
64 4

a. a

b.SU
4.J4Z

5»a 10.!6t>
a»3 5.U4b

__ ihO

04 Z
Jl »

l.B

110 41.7
c a.u

n.a i.7

i4» »58 as:, «7i> *i.-i aa.^ ai <SLJT5
7 ^ » u u f< a.ti ^ ti j "

a i i j.'i u.j 5 :. <:..> 1.2 i ,;

.J W J
4

1. c 1

16
4 KU
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PROBLEMS AFFECTING USE OF WATER
RESOURCES

MANAGEMENT—PUERTO RICO

By adoption of Law No. 23 of January 1973, the Puer-
to Rico Department of Natural Resources (DNR) was
charged with the responsibility for implementation of
the operational phase of the public environmental policy
of Puerto Rico. Law No. 23 also provides for centraliza-
tion of operational functions and implementation of
regulations that had previously been dispersed
throughout many governmental agencies. In addition,
the new Water Law, No. 136 of June 3, 1976, assigned
to the Secretary of DNR the responsibility to plan and
regulate the use of and to improve, conserve, and
develop the waters of Puerto Rico. In acknowledgment
of the need for a centralized information center, the new
water law also stipulates that the Secretary be assisted
by a staff that has representatives from the Planning
Board, the Puerto EMO Industrial Development Com-
pany (PRIDCOV tffe» Environmental Quality Board
(EQB), the Puerto £feAqMduct and Sewer Authority
(PRASA), the PuqgMfco W****1 Resources Authority
(PRWRA), the Dl|lillHlit of Agriculture (DOA), the
Department of Heafl£ (DOH), the Department of Trans-
portation and Public Works, and the University of Puer-
to Rico.

Although numerous government agencies (State and
Federal) and institutions are involved in the use, plan-
ning, management, and investigation of the water
resources, the DNR, EQB, U.S. Environmental Protec-
tion Agency (EPA), PRWRA, PRASA, Puerto Rico
Sugar Corporation, and heavy water-use industries

established by PRIDCO exert the greatest influence
over the future of this resource. The responsibilities
these agencies and public corporations have with
respect to water resources are listed as follows:
DNR. The functions of this Puerto Rican agency were

established by Laws No. 23 and No. 136, previously
stated.

EQB. This is the Puerto Rico policy-making and
regulatory agency responsible for the enhancement
and protection of water quality; it is invested with
quasijudicial powers to enforce its regulations. For
purposes of the Federal Water Pollution Control
program (Public Law 92-500) the Board is
designated the State water-pollution control agen-
cy.

EPA. This is the Federal agency charged with ad-
ministration of Public Law 92-500 aimed at restor-
ing and maintaining the chemical, physical, and
biological integrity of the Nation's waters. Among
the programs the agency administers are establish-
ment of effluent limitations, administration of the
National Pollutant Discharge Elimination System,
and management and planning for public water-
supply treatment-works construction.

PRWRA. The authority produces and distributes elec-
trical energy and administers and operates the irri-
gation systems supported by releases from reser-
voirs and the hydroelectric power-generation net-
work on the south coast and in northwestern Puerto
Rico.

PRASA. The authority is charged with development.
construction, operation, and maintenance of water
and sewer systems and providing adequate water



U22 SUMMARY APPRAISALS OF THE NATION'S GROUND-WATER RESOURCES

and sewer services and any other related services
and facilities.

Puerto Rico Sugar Corporation. A public corporation
created by legislative action in 1973 to consolidate
the operations of the sugar industry (cultivation and
refining). The corporation manages all the 11 mills
on the island, 7 of which are government owned.
The corporation also manages cane cultivation on
29,600 ha of both government-owned and leased
land.

PRIDCO. This is the principal Puerto Rico governmen-
tal agency charged with the responsibility for the
economic development of Puerto Rico. With its
associated public corporation, the Government
Development Bank, it devises methods to accelerate
economic development, especially through industrial
promotion and tourism. This agency must submit to
DNR and EQB an environmental-impact statement
for each industrial project it proposes to develop.
The agency also cooperates closely with the Plan-
ning Board in preparing its plans and programs.

The new centralized form of management stipulated in
Law No. 136 of June 3, 1976, is intended to improve in-
stitutional structures to aid optimum water-resources
development.

MANAGEMENT—U.S. VIRGIN ISLANDS

In the U.S. Virgin Islands, the Department of Conser-
vation and Cultural Affairs is charged with the ad-
ministration and enforcement of all laws relating to
water resources and water pollution, under Title 3,
Chapter 22, of the Virgin Islands Code as of June 4,
1968. Other agencies involved with the management of
the water resources are the Public Works Department,
the Water and Power Authority, and the Virgin Islands
Planning Office. The functions of each of these are
outlined as follows:
Public Works Department. Under Title 30, Section 51,

of the Virgin Islands Code, the Commissioner of
Public Works if designated to supervise and control
the constnMft&fe repair, maintenance, operation,
and adminisSsffMb of the potable-water systems.
The Dotobt*4Sbr system was defined as "all fresh
water stored^ dr^ collected by the government,
whether in catchments, dams, wells, or reservoirs,
for public distribution."

Virgin Islands Water and Power Authority (WAPA).
This authority was established in 1964 under Virgin
Islands Code, Section 103, Title 30, for production
and distribution of electrical energy and provision of
potable water from its water-distillation systems. In
the enabling legislation is a provision, 104e, for the
transfer of the water-supply functions of the Public

Works Department to WAPA at a date Co be deter-
mined by law. The transfer of functions has not been
acted upon by the legislature, and WAPA sells the
distilled water to the Public Works Department.

U.S. Virgin Islands Planning Office. This office is
designated as the government agency in charge of
water-management planning; the agency is also en-
titled to appropriate funds received under the title 3
program.

The Public Works Department is by far the major
ground-water user. Agriculture is almost nonexistent in
the islands, and industries that depend heavily on water
obtain their water from self-owned desalination plants.
For these reasons, a lack of coordination among water
users is not a major problem affecting ground-water
resources in the Virgin Islands.

WATER RIGHTS

Water rights and laws regulating water use have been
established by society to assure the minimum re-
quirements of individuals and communities, to promote
the beneficial development of water resources, and to
respect legal access to water sources. These laws, which
have been implemented to reduce friction between
users, ironically become constraints if they are not
adapted to the needs of a modern technological society.

On June 3, 1976, the Commonwealth Legislature
approved the Law of Waters (Law No. 136) for Puerto
Rico, which declared all waters within Puerto Rico the
patrimony and wealth of the People of Puerto Rico; en-
dowed the Secretary of Natural Resources with the
power to plan and regulate the use, conservation, and
development of the water resources and to implement
the public policy and regulations related to the waters of
Puerto Rico; and annulled two provisions of the Civil
Code and the Law of Waters of March 12, 1903.

The 1903 water law was essentially that which had
been in effect in Spain since 1879 and had been extended
over Puerto Rico by order of the King in 1886. Article 16
of Law No. 136 recognized acquired rights that make
beneficial and reasonable use of water and were in ex-
istence prior to June 3, 1976, including those conces-
sions from the Spanish Crown.

Acquired rights under the old Spanish law were ob-
tained according to the prior-appropriation doctrine.
For example, "any landowner may utilize the pluvial and
other waters flowing intermittently in public channels
or along roads" (Art. 6, 176, 177); "after use for one year
and a day, he establishes a temporary right that is
superior to that of any subsequent user," on the principle
that first in time is first in right (Art. 7); "after water has
been used without interruption for 20 years, the appro-
priator acquires the right to continue the use indefinite-
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ly" (Art. 8). Similarly, as to "artesian wells, tunnels, or
galleries," (major ground-water developments as oppos-
ed to "ordinary wells," which are defined (Art. 20) as
those for which no other motive power than man is
employed for raising the waters), the right of the person
discovering and bringing the water to the surface is
recognized "in perpetuity," as long as such development
does not interfere with preexisting rights to public or
private waters (Art. 23). These rights (surface- or
ground-water appropriation) were also recognized for
all individuals who had enjoyed the use of public waters
for a period of 20 years (prior to 1886) even though no
proper authorization had been obtained.

The order of preference in utilization stipulated by the
previous law (Art. 160 of the Spanish Water Law) ex-
pressed the needs of the past century. First priority was
given to water supply of towns, followed by water sup-
ply of railroads, irrigation, navigational canals, mills and
other factories, ferry boats and floating bridges, and
fishponds. The economic importance of water-using in-
dustries was not foreseen, and a low preference as to
water concessions was stipulated. Duration of the con-
cessions was limited to 99 years of town supplies (Art.
170) and all other uses but was "in perpetuity" for irriga-
tion (Art. 188) and fishponds and also for industry, as
long as effluents were not harmful to health or vegeta-
tion (Art. 220).

As of 1909 there were approximately 250 concessions
in Puerto Rico that were originally granted by the
Spanish Crown (Report of the Governor of Puerto Rico,
1909). The majority of these grants were given to lan-
downers in the South Coast province for the irrigation
of approximately 21,000 ha. The surface-water conces-
sions included rights to flood-waters, spring and winter
waters, or a definite daily flow.

An updated inventory of vested owners, diversion
amounts, and land under irrigation is necessary to
determine the degree to which these rights could affect
a water-use and distribution plan.

In the Virgin Islands, all waters are in public owner-
ship and are subject to appropriation for beneficial use
as stipulated in ChqgMj£ Title 12, of the Virgin Islands
Code. Under this pB^VMted rights are recognized
prior to other iPMBMtioik- Vested rights may be
nullified by the govtttjttfc«f the Virgin Islands (Com-
missioner of ConsercHHMBd Cultural Affairs) when it
is determined that the exercise of such rights would im-
peril health or welfare by endangering, impairing, or
destroying available sources of water. Nevertheless, the
occurrence of such circumstances is very remote, as
most private installations are for domestic use and
withdraw less than 2 m*/d. An exception could be those
individuals and companies that sell water obtained from
wells. Under Section 153 of Title 12, appropriation per-

mits are not required if pumpage is less than 2 m j 'd for
beneficial use.

L'ndiT Chapter 3. Title 12, of the Virgin Islands Code,
trees and other vegetation adjacent to watercourses are
protected by law. This regulation protects the esthetic
values ni' stream channels but results in a significant loss
of ground water to evapotranspiration by the deep-
rooted vegetation. A modification of this law would be
necessary in order to exclude from such provision those
watercourses that are used for public supplies or are in
hydraulic connection with aquifers tapped for supply.

PRACTICES DETRIMENTAL TO GROUND-WATER QUALITY

LAND USE

Land use may affect recharge to an aquifer and the
quality of its water. Although there has been no exten-
sive evaluation of the effects of various land uses on
aquifers in the Caribbean Region, data from scattered
sources indicate that this could be a major problem in
the near future.

Urbanization has taken over large portions of the
recharge areas of aquifers in metropolitan San Juan,
Ponce, and Mayaguez in Puerto Rico and throughout the
Virgin Islands of St. Croix and St. Thomas. Unless ar-
tificial recharge is provided or withdrawals are reduced
to compensate for the loss of recharge, the seawater-
freshwater interface will move inland in most of these
areas.

Aquifers in the Caribbean Region are threatened by
pollution from domestic, municipal, and industrial
sources. The most widespread source of pollution is pro-
bably sewage from cesspools, leaking sewage lines, and
overloaded or improperly operating sewage plants. In
Puerto Rico about 37 percent of the population is served
by sewers, and in the U.S. Virgin Islands approximately
77 percent is served. In gejieraL_the only areas served
by sewers are those within the urban limits'nf towns!

wastes have been discharged to aquifers
through sinkholes and disposal wells or have entered
aquifers from accidental spillage (D.G. Jordan, written
commun., 1969; R.C. Vorhis, written commun., 1972).
Of the 15 disposal wells known to exist in 1972, only 2
could be designated as deep injection wells, and the
others could better be designated waste-disposal holes.
All the known disposal holes were between 24 and 213 m
deep. Wastes disposed in sinkholes and disposal holes in-
clude sewage, oil. neutralized acid, organic compounds,
dyes, pickling liquors, pineapple-cannery wastes, and
brewery wastes. Jordan (written commun., 1969)
estimated there were at least 40 such disposal holes in
Puerto Rico in 1969.

It has also been observed that unproductive wells are
either abandoned without plugging or are not thor-
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oughly sealed. As a result many are used as receptacles
for wastes. The effects on water quality and the extent
of damage this has caused in the Caribbean Region have
not been assessed. In the Lajas Valley, Vazquez and
Ortiz-Velez (1967) observed that a downward hydraulic
gradient existed at various abandoned irrigation wells.
These wells probably are serving as hydraulic connec-
tors between perched water tables and the underlying
regional water table. The effect of these "hydraulic con-
nectors" on water quality is unknown.

Disposal of refuse in landfills poses another threat to
aquifers in Puerto Rico. Most landfills were estalished
after 1972 (fig. 18), and although migration of leachates
may be slow at some sites, with time these will inevi-
tably affect to some degree the local ground-water
sources. In the U.S. Virgin Islands, landfills have been
established near the coast on St Croix and St Thomas,
and contamination of freshwater sources is not a threat.
The landfill on St John, however, is located in the in-

terior Guinea Gut Basin, where potential for ground-
water development exists.

IRRIGATION PRACTICES

Irrigation of crops occurs primarily in southern Puer-
to Rico. The basic means of distributing water within
cultivated lands is by furrows, although overhead
sprinklers are used at some farms in the early months of
sugarcane cultivation. Giusti (1971) estimated that ap-
proximately 30 percent of the applied water in the South
Coast province (Coamo area) was recharged to the
aquifer. Bennett (1976) indicated that the ground-water
reservoir in the South Coast province is "vertically
oriented," in that local recharge and discharge tend to
be high in any given locality relative to lateral ground-
water flow. In areas where irrigation water is derived
from wells, recycling of the irrigation water will result
in an increase in the disaolved-solids concentration of
the ground water.

STOO'

irsr -

EXPLANATION
Municip* Krfid

ins- -

Franc 18.- Sotid-wMte dmpoml mt» in th* Cartoon tegim.
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During the mid-1960's, drought nearly eliminated

surface-water supplies that were used in the South
Coast province area for irrigation, and ground-water
production was increased to make up the deficit. By
1968, after 3 years of increased pumpage, the ground
water in storage was drastically depleted. An estimated
1,000 hm» of the 1,500 hm3 in available storage had been
withdrawn. The depletion in storage was accompanied
by a decline in ground-water levels to below sea level
over large areas (pi. LA). The chloride concentration in
the ground water increased slightly in the more severely
depleted areas, but major seawater intrusion did not
occur, apparently because of a slight ground-water
mound in the coastal areas and the lower hydraulic con-
ductivity of the coastal part of the aquifer. Heavy rains
later in 1968 recharged the aquifer, but it has never
recovered to early 1960 levels. A few areas where
ground-water levels were below sea level still persisted
in 1976 (pi. IB), but there has been no significant in-
crease in chloride concentration indicative of seawater
intrusion.

OPTIMIZATION OF USE OF WATER RESOURCES
In general, until recent years the effort devoted to

optimizing the use of water resources of the Caribbean
Region has been minimal. Within Puerto Rico this lack
of effort may have been due to the relative abundance of
freshwater in relation to demand in most areas. In the
U.S. Virgin Islands the poor quality of the ground water
and the knowledge that the limited freshwater resources
could not meet the demand led to reliance on seawater-
desalination plants.

Two major approaches are available for optimizing the
use of water resources. These are conjunctive use of
surface- and ground-water sources and water conserva-
tion. The potential for application of such measures in
the Caribbean Region is discussed separately.

CONJUNCTIVE USE OF 3URJACE- AND GROUND-WATER
SOURCES

The greatest
and ground-water
be on the island of
relatively plentiful
ervoir management,

tar conjunctive use of surface-
m the Caribbean Region may
Rico, where both sources are
Be may be achieved by res-

augmenting natural recharge,
ground-water salvage, ground-water mining, and use of
seawater.

RESERVOIR MANAGEMENT

Agriculture is the largest single water user in the
South Coast province. The estimated ground-water
withdrawal for irrigation (180 hm'/yr) constitutes
almost 80 percent of the total pumpage. Therefore, the

most productive efforts to solve the "water shortage"
may involve an improvement of irrigation practices. To
some degree, the irrigation efficiency likely could be im-
proved by coordinating the activities of PRWRA with
those of the Puerto Rico Sugar Corporation and by
changing the priority of the functions of reservoirs serv-
ing the south coast.

Under present operating conditions, reservoirs are
maintained at the highest stage possible for hydroelec-
tric generation, thus reducing the runoff-capture poten-
tial. With the available reservoirs and the implementa-
tion of a more efficient water-management system,
more water could be made available for irrigation. The
hydroelectric-energy loss could possibly be compensated
for by thermoelectric generation through burning of
bagasse, the plant residue left after the juice has been
extracted from sugar cane. During the 1973 fiscal year,
PRWRA bought from the sugar mills (which operate
from about December to April) 826 million kilowatt-
hours of energy generated through burning of bagasse
(Puerto Rico Planning Board, 1976). Hydroelectric
generation was only about 97.5 million kilowatt-hours
during the 1973 fiscal year, partly by north-coast
hydroelectric plants.

AUGMENTING NATURAL RECHARGE

Although aquifers receive recharge by natural means,
it may be practical in some areas to increase this amount
artificially. Within urbanized centers the loss of rainfall
infiltration capacity may be compensated for by con-
struction of infiltration ponds, which may also serve for
recreation. Flow into the ponds could be supplied from
urban runoff or by pumpage from nearby streams.
These infiltration ponds could be situated in the upland
coastal areas, where coarse sediments (sand and gravel)
predominate and thickness of unsaturated material and
therefore storage volume is greatest. Areas of Puerto
Rico that could benefit most from such modifications are
those zones where urban development has decreased the
infiltration capacity of aquifers (essentially the San Juan
metropolitan area and Ponce). In the San Juan
metropolitan area, possible sites would be the San
Sebastian outcrop and areas between the haystack hills
(mogotes). At Ponce the most favorable area may be
near the foothills, where depth to the water table is bet-
ween 15 and 20 m. Infiltration induced by this method
may make it feasible to establish and continuously
operate public-supply wells within city limits, thus
reducing dependence on interbasin water transfer.
These well fields would also be invaluable in the event of
hurricane damage to centralized water-purification and
distribution systems. If the recharged water is destined
for domestic use, measures would have to be taken to
avoid contamination with toxic substances, which may
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even though ground-water development may be minimal
in some areas. Within aquifers for which preliminary
areal models have been constructed, monitoring net-
works should be maintained to determine whether or
not conditions follow those predicted. If significant
deviation is detected, the cause can be evaluated and
remedial measures can be taken as appropriate.

Among the most important needs for improving the
knowledge about aquifers in the Caribbean Region are
listed as follows:
1. Better definition of conditions within the two major

aquifers: knowledge needed about the following:
a. Hydrologic relationship between bedrock and

alluvium in the South Coast province of
Puerto Rico and stream-aquifer interrela-
tionships

b. Extent of the artesian system in the North
Coast province of Puerto Rico

c. Ground-water flow within the North Coast
province west of Arecibo

2. Areal studies made concerning the following:
a. Ground-water flow system in Lajas Valley
b. Water-balance for unstudied aquifers in the

East Coast, West Coast, and Interior pro-
vinces

c. Water-table monitoring throughout Puerto
Rico, the offshore islands, and U.S Virgin
Islands

d. Qualitative and quantitive assessment of saline-
water reserves of St. Croix and in the coastal
aquifers of Puerto Rico

e. Chemical-quality data to assess the extent of
contamination and seawater intrusion

Besides these basic needs, research is also lacking on
evapotranspiration and its relationship to soils and
vegetation under the climatic conditions in the Carib-
bean Region. At present it is unknown if under long-
term conditions thick vegetation and plant debris aid
ground-water recharge by reducing runoff, enhancing
infiltration, and reducing direct evaporation of rainfall
or whether they ua«-jpg» water from the soil through
transpiration. ArdMp|̂ al rites, surface features,
and historical nottv-ttKpi that water was much more
plentiful at now parcfcjMNa* in Puerto Rico's offshore
islarxfo and in the U.&-Virgin Islands.

SUMMARY

The Caribbean Region consists of the Commonwealth
of Puerto Kico (8.990 knv*) and theU.S. V
(350Jcro*). It is among th« mofftrJifisely populated areas
irfthe WOM, wiUi an uvurull population 61 approximate-
ly 3,200,000 people. Within the past 25 years the islands
nave undergone a rapid transformation from an

agriculturally based economy to one dependent on in-
dustrial development, tourism, and related services.

Water is among the most abundant and valuable
natural resources in the Caribbean Region, but its
availability varies significantly in both space and time.
Rainfall contributes an annual average of 1,800 mm in
Puerto Rico and 1,060 mm in the U.S. Virgin Islands. Of
this amount, 1,130 mm (or 64 percent) in Puerto Rico
and 990 mm (or 93 percent) in the U.S. Virgin Islands is
lost to evapotranspiration. The water available for use
in liquid form amounts to about 5,400 hmVyr in Puerto
Rico and 24 hmVyr in the U.S. Virgin Isfcnds These
amounts would theoretically satisfy the total water
needs of both areas, which are about 919 hm3/yr and 20
hm'/yr, respectively (1975). In reality, most of this flow
is contributed by intensive rainstorms and is lost to the
ocean as runoff. Potential for retaining a large part of
this flow exists on the island of Puerto Rico, but present-
ly the total usable reservoir storage capacity is only
about 230 hm». In the U.S. Virgin Islands, small dams
and ponds have a storage capacity of about 2 hm*.

Aquifers constitute a valuable water resource in the
Caribbean Region. In Puerto Rico, ground-water
withdrawals provide about 38 percent of the total water
requirements, whereas in the U.S. Virgin Islands, they_
provide lO^percent. Excluding desalinated-water sup-
plies in the U.S. Virgin Islands, ground water provides
about 72 percent of the freshwater used. Of the 350
hmVyr ground-water withdrawal in Puerto Rico, irriga-
tion uses 53 percent; industry, 29 percent; and public
water supply, 18 percent In the U.S. Virgin Islands,
ground water is withdrawn about equally from private
wells and public water-supply wells. Based on past
trends and future economic outlook in the region,
estimates are that by 1985 ground-water pumpage in
Puerto Rico will be about 426 hm*/yr and in the U.S.
Virgin Islands, about 4.5 hm*/yr. This withdrawal is the
estimated maximum sustained yield of all aquifers in the
U.S. Virgin Islands under natural-recharge conditions.

Most large-scale ground-water developments in Puer-
to Rico are in the North Coast and South Coast pro-
vinces. The North Coast province contains the island's
most productive aquifer, which has been undergoing
rapid development for industrial water supply since
1968, when a major artesian system was tapped. The ex-
tent of this artesian system is unknown, but it has been
tapped within the lower part of the Cibao Formation
(Montebello Limestone Member) and in the upper part
of the Lares Limestone. The South Coast province
aquifer consists of deep alluvial deposits. It has been ex-
tensively developed for irrigation of sugarcane and for
industrial water supply. Unlike the north-coast aquifer
system, which has large untapped resources, this aquifer
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will support only minor future development if effective
management practices are not introduced.

In the U.S. Virgin Islands, the most extensive aquifer
i£ The fragmented igneous rock. It contributes little
water to wells, but weighed against the costs of
desalinated water, its exploitation is feasible for sup-
plementing domestic water needs. The most productive
aquifer consists of marl and alluvium deposits in central
St. Croix. Although this aquifer contributes less than 6.3
Us to individual wells, it yields about 0.86 hm'/yr to
public water-supply wells and about 0.54 hma/yr to
private wells. Future development of this aquifer could
probably produce an additional 1.0 hnWyr.

Ground-water resources will continue to play an im-
portant role in the future development of both Puerto
Rico and the U.S. Virgin Islands. In order to meet
future needs, it is necessary that hydrologic principles
be effectively applied in managing the total water
resource.

Optimization of the water resources can be ac-
complished through conjunctive use of surface and
ground waters and through conservation practices. Op-
timal use may involve artificial recharge, ground-water
salvage, saline- or fresh-ground-water mining, use of
seawater, waste-water reuse, and use of underground
space for temporary storage of wastes, which could
otherwise contaminate valuable water supplies.

Efficient development of the water resources within a
basin also requires a thorough knowledge of the rela-
tionship that exists between surface and subsurface
water. Among the most urgent needs in the Caribbean
Region is a computerized data bank containing informa-
tion on ground-water withdrawal, consumptive use, sur-
face diversions, and such other flows necessary for
water-budget estimates. These data can be used with the
available knowledge of the aquifers to construct digital
or analog models. Such an approach would serve to
point out areas where new information is needed, aid in
assigning investigation priorities, and contribute to ef-
fective management of the total water resource.
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will support only minor future development if effective
management practices are not introduced.

In the U.S. Virgin Islands, the most extensive aquifer
i£ The fragmented igneous rock. It contributes little
water to wells, but weighed against the costs of
desalinated water, its exploitation is feasible for sup-
plementing domestic water needs. The most productive
aquifer consists of marl and alluvium deposits in central
St. Croix. Although this aquifer contributes less than 6.3
Us to individual wells, it yields about 0.86 hm*/yr to
public water-supply wells and about 0.54 hm3/yr to
private wells. Future development of this aquifer could
probably produce an additional 1.0 hms/yr.

Ground-water resources will continue to play an im-
portant role in the future development of both Puerto
Rico and the U.S. Virgin Islands. In order to meet
future needs, it is necessary that hydrologic principles
be effectively applied in managing the total water
resource.

Optimization of the water resources can be ac-
complished through conjunctive use of surface and
ground waters and through conservation practices. Op-
timal use may involve artificial recharge, ground-water
salvage, saline- or fresh-ground-water mining, use of
seawater, waste-water reuse, and use of underground
space for temporary storage of wastes, which could
otherwise contaminate valuable water supplies.

Efficient development of the water resources within a
basin also requires a thorough knowledge of the rela-
tionship that exists between surface and subsurface
water. Among the most urgent needs in the Caribbean
Region is a computerized data bank containing informa-
tion on ground-water withdrawal, consumptive use, sur-
face diversions, and such other flows necessary for
water-budget estimates. These data can be used with the
available knowledge of the aquifers to construct digital
or analog models. Such an approach would serve to
point out areas where new information is needed, aid in
assigning investigation priorities, and contribute to ef-
fective management of the total water resource.
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The nature of the shorter-period pressure variations in relation to the
weather and the general circulation are discussed below under The Upper
Air and General Circulation, etc.
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PRECIPITATION
Rain is the climatic element of most practical concern in the islands be-

cause it is o f t en insufficient to mature sugar cane in one or two seasons ; a
drought of six or nine consecutive months occurs every decade or so, caus-
ing much hardship to the townspeople and small native farmers as well as
to sugar and cotton estates and cattle ranches.

Since early in the nineteenth century rainfall in the Virgin Islands has
been measured in a unique unit of depth, called the "line". The reason for
the adoption of this measure is not known. It is an old English measure, in
which 1 inch = 8 lines (= 25.40 millimeters). In Denmark they once used
the Paris measure of 12 Linien =. 1 Tomme (Paris inch) = 27.07 milli-
meters = 1.0658 inches.-1 Paris line — 2.256 mm = .0888 inch = y144
foot, whereas the Danish West Indian (or English) line = 3.175 mm =
ya inch. It is conceivable that as many of the residents were British this
"line" was adopted locally from using English rain-measuring glasses or
sticks graduated in eighths .of an inch. Since the American occupation
inches have been used.

Accuracy of the Measurements
The accuracy of rainfall measurements is a difficult problem in gen-

eral, and is especially serious in tropical countries.* We have already re-
ferred to the lack of standards in the instruments and observation pro-
cedures at Virgin Islands stations, and here we must add that where the

; are frequently light and the monthly and annual totals are small
I of measurement are greatest on a percentual basis. The common

I measuring the catch only once each 24 hours allows some water
te from the gage before it is read, particularly in a warm windy
he use of a funnel is common and tends to cut down the evapo-

ratiofL Where most of the rain falls at night, it is better to read the gage
in the morning, and where it falls more in the day an evening observation
hour is preferable; two readings a day would be still better, and best of all
the use of recording gages or the habit of reading the gage after each
shower. It has been shown that a considerable difference in a given

• For a compreheiuive ditcuuion KC Brook). C. F . Need for unirerul standard* {or mcuurinc
precipitation, snowfall, and mowcovcr. Trans. Mm. Int. Cornm. Snow and Glaoen, Int. Auoc.
Hydrol. Bull. 23: pp. I-S2. Riga. 193S.
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month's total may result at the same spot between a gage read each morn-
ing and a gage read each evening. But it is difficult to estimate the magni-
tude of this effect in the Virgin Islands except to say that the results from
gages read only in the morning are probably somewhat lower than they
would be if read only in the evening. The hours of observation at the vari-
ous stations are not stated or known in many cases and at some stations
they were changed from time to time.

Rain gages of different diameter and different height of orifice above the
ground do not give comparable catches, but it is believed nearly all the
gages used in the Virgin Islands since 1870 have been of the standard
8-inch diameter with rim about 3 feet high (cf . appendix A). The wind
eddying around the gage may keep away some of the rain that should go
in the gage. In windy places the catch may average 20 per cent too low
from this cause, but we judge from tests made elsewhere with shielded
gages that this error in the Virgin Islands probably does not average over
10 per cent (i.e., readings are 10 per cent too low on average from the wind
effect alone). If we may assume that this error applies roughly equally to
all the gages in the Caribbean region, it may be overlooked in practical
comparisons. However, the error due to wind effect increases as the wind
velocity increases and therefore the catch during severe storms, hurri-
canes, is apt to be more than 10 per cent too low. High wind sometimes
blows the gage over resulting in loss of a large catch of rain. Occasionally
during heavy rains the gage may overflow before it is read. Considering all
these sources of error, it is evident that on the average the recorded rain-
falls are systematically lower than the true rainfalls.

In addition there may be mistakes and falsifications on the part of ob-
servers, which are unsystematic in their effect on the results and largely
hidden in the averages. An inspection of the daily entries and the reputa-
tion of the observer are the only bases for accepting observations as genu-
ine, where the stations are not under regular inspection of an efficient na-
tional weather service. We have not found any record of inspections by
the Danish government, and the U. S. Weather Bureau inspections have
been too infrequent to be effective.

General Distribution
From APPENDIX TABLES 2 and 3 we note that the mean annual rainfall

differs considerably at the various stations, ranging between about 35 and
70 inches. The absolute range between driest and rainiest years at these

is not much larger, however, the extreme annual totals ranging
(About 25 inches to nearly 95 inches (APPENDIX TABLE 1). If we had
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Fraou 2. Rainfall map of St. Crou, 1921-30. (From Shaw, 19)2.)

records from eastern St. Croix and from the mountain tops, these ex-
tremes would be greater, probably reaching from 15 to more than 100
inches. A rainfall map of most of St. Croix is shown in FIGUSE 2.

The seasonal distribution generally shows two maxima, a smaller one
in May or June and a larger one in October. The winter minimum is
much more pronounced than the summer one. The lowest monthly amounts
on record indicate that severe drought conditions can occur in almost any
month; even October has sometimes had less than 2 or 3 inches at most sta-
tions (see TEXT TABLE 4). Rose points out that the middle and western
lections of St. Croix have somewhat opposite tendencies in departures of

ll from normal — from 1903 to 1908 the middle was drier than the
but from 1909 to 1915 the middle was wetter, and after 1915 the

was again the drier. This may possibly be due to a quasi-cyclic
itrift in the relative frequency of winds from slightly north and slightly
south of east, which would be accompanied by changes in the average tem-
peratures and humidities of the trade winds as well as contrasted oro-
graphic effects.

Forests and Rainfall
E. Taylor in his "Leaflets from the Danish West Indies" (London,

1888: 42) suggests that St. Croix formerly had a greater rainfall be-
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cause an early book on the islands by Oldendorp (1777) reported a greater
amount of forest growth than is now found. Although a change of climate
is possible, the present condition is better explained by the known destruc-
tion of the forest by the inhabitants. TEXT TABLE 5 shows no permanent
change in the rainfall of St. Croix since 1852. St. John and Tortola have
the most forests at present because they are too mountainous for economi-

TEXT TABLE 4
F R E Q U E N C Y OF MoxTin.Y R A I N F A L L TOTALS GREATF.R T H A N

SPECIFIED AMOUNTS, ST. Caoix
Average of 3 stations for 63 years, 1852-1914

(From Ravn)

Month

January
February
Much
April
Mar
June
July
Aufut
September
October
November
December

Number of years with rainfall

Over 20 lines
(2. 50 in.)

25
13
13
33
37
38
44
50
57
60
54
39

Over 40 lines
(5. 00 in.)

2
1
1
5

24
19
12
22
32
31
30
11

Over 60 lines
(7. 50 in.)

_
_
.
I

11
9
3a

10
IS
13
4

cal sugar-cane culture, though at one time both were under considerable
cultivation. There is no reason to believe that either St. John or Tortola
receive much more rain than St. Thomas or St. Croix merely because they
are now more forested. Indeed, the rainfall observations (cf. APPENDIX
TABLES 2-6) lend no support to that notion.

Orographic Effects
The rainfall increases with elevation on all the islands, as residents and

traveler* can readily observe and as one would expect. But rain-gage sta-
tions are lac king at high elevations, except Pearl. Mafolie. Liliendal, Wint-
berg, and Dorothea. Shaw's rainfall map (FIGURE 2) leased on rainfall
records (see APPENDIX TABLE 7) of sugar estates on St. Croix leaves no
doubt that even moderate elevations are better watered. Yet the rate of in-
crease of rainfall with elevation does not here seem to be as large as in the
parts of Porto Rico where the mountains rise steeply to 3000 feet or more
directly in the path of the prevailing winds. Rose suggests that the rain-
fall of the islands is not as great as one would expect from the topography
because the winds blow mostly parallel to the mountain trends. The reason



TEXT TABLE 5

AVERAGE KAINFAI.L KJK EACH 10-YtAH PEKIOD, 1852-1911 (IN INCIIKS)*
"St. Croix, Virgin Islands" = (Clirisliaiiblcd's Fort -f Kinus Hill* + l;niUriikslril\

(From L. Sniitli)

Peiiod Jan. Feb. Mar. Apr. Miy June July Au». Sept.

1852-61
1862-71
1872 811
IK82 911
1892 1901
1902 II

Tula!

( I8S2- I9M)

1 90
2.11
2 85
2 78
2.16
2 52

14.33

2.38

1 60 .68
1 65
1 33
2 10
1.45
231

.36

.57

.15
.12
.12

11.45 10.21

1.91 1.70

3.12
2.06
1.43
3.27
2.15
2 51

1 5 5 7

260

5.53
335
4 16
3 22
633
4 26

26.90

4 47

3.76
386
4 48
3.97
4 60
3.40

24.08

401

3.51
3 10
3.37
406
5 4 2
2.47

21.95

1.65

4 92
4.18
4 2 5
4 6 2
4 58
540

28 II

4.70

7 26
5 26
5 28
4 92
681
692

3 6 4 5

607

Del.

8 1 6
760
5 . 1 1
7.50
5 47
4 68

JH J8

6.56

Nov.

4 43
4 07
6 61
5 9 2
5 46
4 96

31 45

5 21

Dec.

2 68
3 40
2.33
3 67
408
505

21 23

3.53

* Thesf are from Ihe urne obM-rvalioni ua«l in TEXT TABLES 19 to 22, here converted to Inches from Ihe "lines" in which rainfall was measured (8 line*
From "Reiwrls of Ihe Virgin Islands tK|Mrrinienl Station, 1911".

t Kinis Hill wa» omllled from Ihe averages lor Oct. 1878 to Oct. 1888, inclusive.

Year

I 48 61 \
4300
44 86'\

\ 4 7 S O ' X
\4987
\[^J

2 8 1 . 3 5

46 H9

- I Inch I.
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for tliis may also be contained in some observations of the writer : on sev-
eral occasions during his stay at St. Thomas in June, 1939 when the sum-
mit of the island (1800 feet) was visited, he noticed that any large cumulo-
nimbus cloud that had been initiated by forced ascent of the wind over the
island would lean to the leeward so that most of the rain falling from it
would fall on the ocean surface somewhat to the lee of the island. In other
words the orographic influence on the rainfall was not fu l ly enjoyed by the
island itself owing to its small size and narrow form. This observation is
confirmed (oral communication) by Sergeant Davidovic. the Aerographer
stationed at the U. S. Marine Corps Fleet Air Base on St. Thomas in 1939.

In general the annual rainfall does not seem to increase more than about
10 inches between sea level and 1000 feet elevation, but some of the lower
stations have as much rain as places high up on the leeward slopes or in
high protected valleys (compare Adrian and Cinnamon Bay, or Barracks
and Liliendal, in the same years) (APPENDIX TABLE 2). In generally rainy
years or months the rainfall differences between stations of different ele-
vation are much greater than* in generally dry seasons.

At the U. S. Marine Corps station on Lindbergh Bay three rain gages
have been set a few hundred yards apart in a line from the water to the
foot of the mountain. These gages show a decided increase in rainfall (AP-
PENDIX TABLE 12) as the mountain is approached, although they are all
about at the same elevation. This demonstrates how sensitive the rain-
producing process is to the topography. For this reason, within the hilly
town of Charlotte Amalie, Or_of_ Chn£tiansted, th<^ average anrmal rainTall
probably varies considerably (up to 5 inches?) from block to block: hence
records taken at different spots in such a town cannot justifiably be com-
bined as if from one station. Likewise different parcels of an estate often
have very different rainfall (e.g., Eden, Emmaus, Caroline; Adrian, Su-
sannaberg).

We have not attempted to construct rainfall charts of St. Thomas and
St. John owing to the non- homogeneity of the records. Shaw's map of St.
Croix (FICUIE 2) is based on a homogeneous though short (10 years)
series of 26 records from the flatter pans of the island, which should give
a reliable and consistent pattern.

Year to Year Variation
The variability of the mean annual rainfall is of prime economic conse-

quence because in over half the years the actual rainfall is well below the
'normal rainfall,* which is just about sufficient for an annual yield of sugar

• It U characteristic of the frequency distribution ot cither daily, monthly or annual
[hat the most frequent ralue (modi) it generally ranch lest than the areraic, and in
zero Tilue a moet frequent.
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cane, long the chief crop, and the cane yield suffers accordingly (Dr. Shaw
discusses this problem with respect to St. Croix, in paragraphs quoted be-
low). Du Tertre and Oldendorp mention great droughts in 1661 and 1733 ;
the poor crops of 1841, 1864, 1869, 1872 to 1877, 1891, 1892, 1899, 1904,
1923 to 1924 were due to low rainfall (see TEXT TABLES 20 to 23). Con-
trary to the impression of many residents and travelers, there is no real
evidence that the rainfall is slowly and steadily decreasing from century
to century (see Forests and Rainfall). The question of cyclic variations
has not been scientifically studied here, but results elsewhere generally
show long quasi-periodic fluctuations of considerable amplitude in the
rainfall. These undoubtedly exist here too but the records are not long
enough to reveal any but the shortest "cycles". The average rainfall is so
near the critical limit for sugar cane that even the small short-period fluc-
tuations are important. It does not contribute much either to fundamental
understanding of the variations nor to practical precautionary measures
for the farmers merely to describe the rainfall curve as quasi-periodic. All
attempts to forecast the fluctuations by means of extrapolating "cycles"
derived from analysis of past records have been failures. Scientific bases
for long-range forecasting are being sought in many directions but the
solutions offered do not yet give results of practical value and general ap-
plicability, however promising the method or enthusiastic the advocates.
The most successful results so far are for certain special conditions and
places, none of which have been in the West Indies.

Diurnal Variation
The diurnal distribution of the rainfall, as at San Juan, shows a much

greater amount of rain by day than by night, judging from Mr. A. Wal-
loe's observations at Charlotte Amalie, published in the "Set. Thomae
Tidende", 1888. He gives the following figures.

TSXT TABLE 6
NIGHT AND DAY RAINFALL, CHABLOTTE AMALIB, 1888*

Month (Ilia) Tool By sight

September

38.4
77.2
69.0

26.1
55.9
44.6

11.6
21J
24.4

• In liaa; S lines = 1 inch.

The frequency of rain is no doubt also greater by day but the contrast
is probably not so pronounced because the intensity of the day showers is
heavier.
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At sea the rainfall frequency is a maximum at 6 A.M. with a secondary
maximum at about 10 P.M. The amplitude of this daily variation is pre-
sumably smaller than the one observed over the islands, where the maxi-
mum comes in the afternoon. It is very likely that the sea maximum at
6 A.M. affects the islands, or at least their shoreward margins, causing a
secondary maximum at that hour. Xo hourly observations are available
from the islands but the sunrise shower seems to be recognized by the
residents as a more or less regular phenomenon. The daily double period
in the rainfall is of course reflected in the cloudiness (TEXT TABLE 17) and
in the frequency of thunderstorms.

Intensity and Frequency
The rainfall in this low latitude and oceanic situation is entirely of the

shower type, and therefore it is of great practical importance to know how
frequently showers occur, how long they last, how much rain falls per
shower, and what are the average and maximum rates of fall over short
periods of time. Unfortunately systematic observations using recording
rain gages were begun in the islands only very recently, so we are forced
to infer much from the usual rainfall observations which give only
monthly totals and numbers of rainy days. The average rainfall per rain
day (APPENDIX TABLES 10 and 12; FIGURE 10) indicates some important
characteristics.

The "showers" of the winter and spring seasons are characteristically
brief and light, often mere sprinkles, from cumulus clouds of small or
moderate size and spaced by large intervals of blue sky (cf. TEXT TABLE
9). Sometimes "norther" effects cause a low overcast cloud deck with driz-
zling rain punctuated by occasional heavier showers, which condition may
persist a day or two. However, very heavy rains up to ? nr ^ mrh*« in a
day have fallen even in the driest months. In the "rainy season", from
^ - " ^"^^ and more enduring showers, ynth tqiiaJlsj^May to Nov
thunder and
least one sho

at rimes, are tn be exp^tpH much mnre often: at
some sort then falls almost every day. Heavy rainsn • , . . . - - .

lasting as much aa 6 or 8 hours, even with brief intermissions, are normally
very rare, but passage of ajmrricane within 50 or 1/iQ.mi'les ran
mous rainfall totals (over 10 iHchesAjr£auky..Qr two fr

ean<a» i»nnr
_ ^__ ^_ , i V^rtUfllly *̂ |m-

tinuous downpours,, The high wind during hurricane weather adds greatly
to the destructive effect of the rain.

Somd"'signincant deductions can be made from the results of the re-
cording rain gages, in spite of the short period they have been in use.

At the Marine Barracks of Bourne Field on St. Thomas a recording rain
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.gage has been operated since 1935. An analysis of the results ( A P P E N D I X
TABLE 12 and FIGURE 10) indicates that the average rainfall per rain day
and also per rain hour for each month is proportional to the greatest rain-
fall during any 24 hours of the corresponding months. This is a very in-
teresting relation because in the absence of recording rain gages at other
places we can assume that the "greatest rainfall in 24 hours", which is
tabulated by the U. 5. Weather Bureau for all its stations, gives a rough
basis for estimating the average intensity of rainfall per day and per hour.

Since February 1940. the Soil Conservation Service has been tabulating
rainfall rates monthly from recording gages at Anna's Hope and Jolly Hill
estates on St. Croix. An abstract of the results appears in TEXT TABLES 7
and 8. Although the period of observation is too short to give any definite
averages or extremes likely to occur, the figures are already significant. A
study of the tables reveals a closer correlation by months between the total
rainfall and the maximum intensities than between the total rainfall and
the average intensities. This is not surprising because one or two intense
showers probably have more effect on the monthly totals than the more
numerous lighter showers. There is nevertheless some tendency for the
average intensity to be greater in the rainier months than in the drier
months. It will be noted, however, that the average intensity in the spring
months appears to be as high as or higher than in the autumn months,
whereas the total rainfall is usually much greater in the autumn than in
the spring. This is a curious fact which we have already suspected from
the greater frequency of hail in the late spring and early summer than in
the late summer and-autumn. Over a period of many years the average in-
tensity of rainfall will actually be greatest in the autumn or late summer
because of hurricanes. The important conclusion is that, if hurricanes are
excluded, winter and spring showers probably have as great average in-
tensity as the autumn rains, but the maximum rates of rainfall in short pe-
riods, as shown in TEXT TABLES 7 and 8, are generally two or three times
greater in the "rainy season" than in the winter and spring. It is impossible
to infer to what extent this conclusion is justified for all parts of the
islands, as the topography may greatly affect the rainfall intensities as
well as the totals, but the Bourne Field results (APPENDIX TABLE 12) seem
to show similar features to those of Anna's Hope and Jolly Hill estates.

Any practical interpretation of the average rainfalls reported in the
Virgin Islands, especially on St. Croix, should take into account the fact
that a large proportion of the rain falls in light showers and brief sprinkles
(see TEXT TABLES 9 and 10). Many of these light rains are measured in the
rain gages and they augment the total rainfall out of proportion to their
significance for crop growth and for vegetation because they barely wet
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TEXT TABLE 7
RAINFALL INTENSITIES MEASURED AT

STATION SCS No. IS F. 5. A.. JOLLY HILL ESTATE, ST. CROIX, V. I.
(From U. S. Soil Conservation Service)

STONE: ME '

the vegetation and the t
quickly evaporated by th

Total
Rainfall,

.•lonth inches

1940
February
March
April
May
June

July
August
September
October
November
December
1941
January
February
March
April

* Intensities of

0.90
0.52
1.97
7.10
3.0S

2.14
3.05
4.19
7.47
7.15
3.47

1.97
0.21
1.33
2.28

less than

Total
Duration,

fours'

15.02
1.92
V42

30.00
3.10

5.07
12.37
12.65
22.45
25.37
20.25

5.02
0.80
1.13
9.45

0.10 in./hr.

Average Maj
Intensjty,

m. hr. S-min.

0.06
0.27
0.31
0.24
0.38

0.42
0.25
0.33
0.33
0.28
0.17

0.39
0.26
1.17
0.24

are not

1.00

2.00
3.50
2.00

5.00
J.OO
7.00
450
5.00
3.50

2.00

1.50
3.7S

included.

timum Intensity for Different Intervals

10-mm. :o-min. 60-rain. 120-mii
~ - - -

0.75

1.50
2.00
1.50

3.50
1.75
5.00
2.75
3.50
2.25

1.75

1.00
2.50

—

3.35

0.80
1.40
0.90

2.30
0.95
3.40
2.80
2.40
1.60

0.90

0.50
1.40

_ .

0.13

0.50
1.10
0.55

1.30
0.30
1.40
1.70
1.45
0.85

0.4O

0.18
0.56

_

0.28
0.70
0.30

0.65
0.15
0.75
1.05
0.90
0.45

0.20

0.30

PERCENTAGES
CaR

(F r

Month

TEXT TABLE 8
RAINFALL INTENSITIES MEASURED AT

STATION SCS No. 15 F. S. A., ANNA'S Hope ESTATE, ST. CROIX, V. I.
(From U. S. Soil Conservation Service)

Total
Rainfall,

Month inches

1940
January
February
Much
April
May
June

July
August
September
October
^tovemo<r
December
1941
January
February
M-ch
April

• Intensities of

0.35
2.09
0.99
1.55
2.88
1.56

1.17
1.75
5.24
8.43
6.05
2.36

3.67
0.19
1.05
2.48

less than

Total
Duration,

hours'

2.77
17.18
492
4.20

15.05
4.60

4.23
7.48
6.67

22.05
14.67
14.10

12.25
2.50
2.83
7.25

0.10 in./hr.

Average Maximum Intensity for Different IntervalsIntensity,
in./hr. 5-min. 10-mio. 20-raio. 60-mia. 120-mia.

0.13
0.12
0.20
0.37
0.19
0.34

0.28
0.23
0.82
0.38
0.41
0.17

0.30
0.08
0.37
0.34

are not

1.80
1.00
3.50
2.00
3.00

1.00
3.00
7.00
4.00
7.00
1.50

4.00

1.50
4.00

included.

1.25
0.75
1.75
1.50
2.25

0.75
2.00
5.00
3.00
5.50
1.00

2.50

1.00
3.00

0.75
0.35
1.20
0.80
1.20

0.35
0.80
4.20
2.00
3.30
0.45

1.60

0.50
2.60

0.30
0.13
0.80
0.40
0.40

0.13
0.30
2.30
0.80
1.10
0.18

0.60

0.20
0.92

0.18

0.43
0.25
0.20

0.15
1.18
0.50
0.60

0.38

0.15
0.48

January
February
March
April
May
June
July
AufUIt
Seplemi
October
November
December

Year

AVERAGE AND EXT

Month

January
February
March.
April
May
June
July
August
September
October
November
December

Year

• These 6|ures are not sun
year in the period covered by -
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Evaporation
The actual water loss f rom the ground by evaporation and by transpira-

tion of plants is probably high, judging from the general weather condi-
tions and from the measures of evaporating pu~\:cr of the air made at the
Experiment Station (aec A P P E N D I X T A B L E 8). Consequently, the roughly
45 inches of measured average annual r a in fa l l in the Virgin Islands is by
no means the equivalent for plant growth of 45 inches of measured pre-
cipitation in rainier parts of the West Indies or :n the southern United
States.

Thunderstorms, Squalls, and Hail
Thunderstorms occur, as in Porto Rico, chiefly from July to October,

according to the records at Christiansted and Bourne Field (TEXT TABLE
1 and APPENDIX TABLE 12). Schomburgk in 1837 reported that 5 to 10 per
cent of the days in a year had thunderstorms, mostly in September and
October, which roughly agrees with the Christiansted data, although at
Bourne Field more of the storms occur in July and August. Most storms
probably occur in the afternoon, as at San Juan. They are apt to be squally
and inflict wind damage at times, but lightning damage is usually slight.

Squalls are sometimes associated with heavy showers and probably with
most thunderstorms. The familiar downrush of cold air under a thunder-
storm or tall cumulonimbus cloud can be so violent as to capsize small
boats and damage dwellings, trees, and crops. When the observer is located
on the sunny side of the cloud, it may appear white until after the squalls
reach him, giving rise to the term "white squall" of the West Indian na-
tives ; but when the observer is under or on the shaded side of the cloud,
it appears very dark and ominous, so the accompanying gusts are called
"black squalls". White squalls are also reported without heavy clouds
nearby, but these are merely gusts when the trades are blowing strongly.
The West Indian sailor well knows that the squalls are apt to be especially
violent and dangerous to boats along a coast which rises to high mountains
immediately back of the shore.

Hail is rarely reported and most residents spend a lifetime in the islands
without seeing any. There are enough authenticated reports to leave no
doubt that it falls at least every few years, even several times in some years
in which conditions are favorable for it. Much hail, with cold and rainy

^weather, occurred in Virgin Gorda in January 1833. according to Schom-
burgk, who also wrote of hail on the north side of Tortola in November
1829. Knox mentions that hail as big as hen eggs fell in St. Croix on
April 13, 1844; and that a Mr. Xissen told him of a hailstorm at St.
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the vegetation and the top of the soil and do not sink into it, and so are
quickly evaporated by the sun and wind.

CROIX, V. I.

'' for Different Intervals

-•mil. 60m,n. 120-mm.

}-55 o.U

TEXT TABLE 9
PERCENTAGES .OF DAYS WITH SPECIFIED AMOUNTS OF RAINFALL.

CHRISTIANSTED, ST. Caoix, 1852-1907
(From Willaume-Jantzen and Ravn)

130
1.40
J.90

'.30
95
40

.30
40
60

40"^

0.50
1. 10
o.ss
uo

0.30
1.40
1.70
1.45
0.85

0.40

0.18
0.56

0.28
0.70
O.JO

0.65
0.15
0.75
1.05
0.90
0.4J

0.20
~

O.JO

~

Month

January
February
March
April
May
June
July
AufUM
September
October
November
December

0-S mm
(0-0.20")

•i"
64
66
53
56
46
55
54
45
44
48
52

> 20 mm
(0.79-

or more)

5
J
4

16
10
14
10
11
15
18
12
8

> 50 mm
~U.97"
or more)

0
0
0
2
4
3
2
4
4
7
3
1

Year 54 11

CROIX, V. I.

r Different Intervilj

n. 60-min. 120-min.

TEXT TABL* 10
AVERAGE AND EXTREME NUMBERS OF DAYS WITH RAIN, CHRISTIANSTZD,

ST. CROIX, 1852-1907
(From Willaume-Jantzen)

O.JO
o.u
0.80
0.40
0.40

o.u
O.JO
2.JO
0.80
1.10o.u

0.60

0.20
0.92

O.U

0.4J
0.25
0.20

0.15
1.13

O.SO
0.60

O.J8

0.15
0.4g

Month

January
February
March
April
NJay
June
JulyAumt
September
October
November
December

Mean

11
9
6
7

11
10
11
11u
12
14
U

Hichett
in any one year

20
23
14
U
2ft
20
17
17
19
19
20
19

Lowest
in aay one year

2
1
0
2
J
4
4
4
6
6
4
6

123 177» 84*

* These figures in not sums of the columns above, but are the ejitrtim totali on record for tar '
year in toe period covered by the table.
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Due to the small size of the Islands and the location of all stations
within a few miles of the water, the mean daily range is quite small.
It varies from 9.1° at Charlotte Amalie to 15.1°F at Wintberg. For
these same reasons extremes of temperature are not as great as they are
in Puerto Rico, and relatively few days have temperatures of 90° F or
above. Since the extent of land areas is small, the air passage over
land is quite short and there is not sufficient time for extreme heating
to take place. On St. Croix, Annas Hope has had a temperature as high
as 99° F.

During the warmest months, maximum temperatures average about 87° to
89° F, with nighttime temperatures falling to about 74° to 78" F, and a
little lower at the higher elevations. In the winter, daily maximum
temperatures are generally in the low 80's and nighttime minima in the
high 60's or low 70's.

The highest mean maximum temperatures are found in August, while the
lowest mean maxima fall either in January or February. The lowest mean
minimum temperatures are observed in January and February, and the
highest mean minimum temperatures are generally in July or August.

DROUGHT - Drought in the Virgin Islands occurs about as often and is
just as damaging as it is in Puerto Rico. None of the three islands has
any significant running rivers or streams and only St. Croix has an
underground water source in a few sections. Water for irrigation is not
available in quantity at any time. Large storage reservoirs do not
exist so the Virgin Islands are, to some extent, more at the mercy of
"Mother Nature" than is Puerto Rico where there are adequate facilities
for water storage.

HAIL - In the U. S. Virgin Islands, hail is even less frequent than in
Puerto Rico. In January of 1969 a severe local hailstorm with hailstones
up to 1 1/2 inches in diameter occurred. This was the first hailstorm
on record in the U. S. Virgin Islands.
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Ora&raphic lifting of the mois_ture__laden ̂ ir over the hilly terrain of
these islands is thYlnost frequent cause of' rainfallT However, due to
the smaller elevations' and ""smaller size of the islands, there is a less
marked variation in annual amounts. The larger mean annual totals are
between 50 and- 60 inches at the higher elevations, and the variation
between the greatest and least average value is not as marked as it is
in Puerto Rico. Clouds formed by forced ascent of the wind over small
and narrow islands, as is the case for St. Thomas and St. Croix, lean to
the leeward, so that most of the rain from them falls in the ocean to
the lee of the island. Easterly wave passages are important contribu-
tors to the rainfall of the Virgin Islands during the months from May
through November. Like Puerto Rico, the U. S. Virgin Islands lie in the
path of the tropical storms and hurricanes which form over the ocean to
the east of the Lesser Antilles. As in Puerto Rico, they are relatively
infrequent. While cold frontal passages affect the rainfall regime of
the Virgin Islands, the frequency of fronts is less and their intensity
is more likely to be diminished and less effective than in Puerto Rico.

Annual rainfall values indicate differences in rainfall from location to
location with higher elevations generally receiving greater amounts. On
St. Thomas and St. John, on the basis of the limited data available,
annual aver ages. oJL_bja£ueen__AO__and 60 Inches appear reasonable. On St.
Croix there is a more noticeable~~varIatTon from place to place. This
Island has the greatest annual rainfall, in excess of 50 inches.in the
northwestern corner. There are some indications that stations in a
small area along the central portion of the southern coast of St. Croix
receive about 40 to 45 inches. A narrow, finger of between 25 and 35
inches extends northeast to southwest over the flatlands south of the
hills in the western portion of the Island. Annual rainfall averages
less than 30 inches in the eastern end of St. Croix, possibly as low as
20 inches.

As in Puerto Rico, there is no sharply defined vet-dry season relation-
ship. Records available for the three islands indicate a relatively
wet-relatively dry season distribution similar to that found in the
southern portion of Puerto Rico. The relatively dry period extends from
about December through June. Occasionally, quite heavy rainfall occurs
during the so-called drier months. The driest month of St. Thomas and
St. John usually is February or March and the wettest month September or
October, as in the southern sections of Puerto Rico. On St. Croix, the
month with the heaviest rainfall, on the average, ranges from September
through November.

The number of days with measurable rainfall over the Virgin Islands,
based on a few known-to-be reliable stations, ranges from a little less
than 200 days annually at the higher rainfall stations to less than 100
days annually at the stations with lowest rainfall.

As in Puerto Rico, one of the most striking features of the temperature
regime in the U. S. Virgin Islands is the relatively small variation from
the coolest to the warmest months, ranging from about 5" to 7°F.

19



comfort or discomfort, between economic success or failure, or between
safe and compatible building design can be a delicate one. Through
effective planning and intelligent application of climatic considerations
to life in the Caribbean, man can truly say he has found his tropical
paradise.

U. S. VIRGIN ISLANDS

Location; The U. S. Virgin Islands are composed of three major islands,
together with a number of smaller islands and cays totaling about 50.
The three of primary importance are: St. Thomas, where the capital is
located; St. Croix, the largest; and St. John, the smallest.

These islands follow Vieques Island and Culebra Island in the path of
the Lesser Antilles toward South America. St. Thomas lies some 38 miles
east of Puerto Rico and about 1,500 miles southeast of New York.
St. John lies a few miles east of St. Thomas and St. Croix is located
about 40 miles south of St. Thomas and St. John.

With an area of about 28 square miles, St. Thomas is the second largest
of the U. S. Virgin Islands. This island lies between latitudes 18°23'N
and 18818'N and longitudes 65'03'W and 64°50'W. It is about 5 miles
from its northernmost to its southernmost points and a little more than
12 miles from its eastern to western extremities.

The smallest of the three principal islands is St. John, with an area of.
only about 20 square miles. It is also the least populated. St. John
lies between latitudes 18°23'N and 18°18'N, and longitudes 64°48'W and
64°40'W. This island extends about 5 miles from its northern to southern-
tips and about 8 miles from its easternmost to westernmost points.

Somewhat apart from the others, the largest of the three islands is
St. Croix which has an area of 84 square miles. It lies between lati-
tudes 17'47'N and 17e41'N, and longitudes 64°54'W and 64°34'W. The
Island extends some 19 miles from east to west and 6 miles from north to
south.

Topography; St̂ ._Thomas_Jaaa— an extremely irregular coastline and is very
hilly with practically no flatland. TheTiignes t hills are generally
found near the center of the Island, with Crown Mountain at 1,550 feet
the highest point. The Island is relatively small and many of the peaks
rise above 1,000 feet. This results in rather steep slopes over all the
island, so that rainfall runoff is quit^rapjj_and there are no per-
manent s't™«»« or

Like St. Thomas, St. John has an extremely irregular shoreline and a
very hilly topography. It has a number of peaks over 1,000 feet, topped
by Bordeaux Mountain at 1,297 feet in the eastern portion of the island.
Slopes are quite steep over all of the island, and there are very few
areas of flatland. There are no permanent rivers or creeks.
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St. Croix is the largest of the three U. S. Virgin Islands. The topog-
raphy is somewhat different from the other two with a broad expanse of
low, relatively flatland running along the southern two-thirds of the
Island. A range of hills, ranging in elevation from about 500 feet to
more than 1,000 feet, .topped by Mount Eagle at 1,165 feet, runs along
the northern coast. In the eastern end of St. Croix is found another
group of slightly lower hills with a maximum elevation of about 860
feet. The relatively small area covered by hills on St. Croix results
in rather steep slopes down to the Caribbean in the north and to the
level areas to the south.

Agriculture is not as important in the U. S. Virgin Islands as it is in
Puerto Rico. St. Croix is the only one of the U. S. Virgin Islands with
any sizable expanse of flatland suitable for farming. Here sugar cane,
which was the principal crop, has been abandoned. Subsistence crops are
now a minor effort. Some cattle are raised for milk and meat.

In St. Croix, industrial growth has become a significant factor in the
island's economy. With the downgrading of agriculture, industrial
complexes have been expanded to include the petrochemical industry and
refinement of aluminum. Light industrial plants and the manufacture of
rum are the other industrial activities in St. Croix and St. Thomas.
St. John has no industrial development and remains primarily a National
Park.

Tourism is the biggest factor in the Virgin Islands economy. It has,
over the past years, undergone a vast increase in the numbers of cruise
ships, especially at St. Thomas and St. Croix. Hotel facilities have
been increased on both islands.

One of the principal causes of concern in the U.- S. Virgin Islands is
the short supply of water. Rainfall, while above 40 inches annually
over most of the area, is insufficient. This is due partially to a high
evaporation rate and the rapid runoff from the steep slopes on St.
Thomas and St. John and, to a certain extent, on St. Croix.

In an effort to utilize available water efficiently, moat homes and
business establishments catch rainwater on the roofs and pipe it to
cisterns. The runway at the airport at St. Thomas is also used as a
catchment area. On St. Thomas and St. John it is common to see the
entire side of a hill cemented to act as a catchment area. Generally,
during the drier portion of the year, it is necessary to carry water by
barge from Puerto Rico. Installation of a sea-water distillation unit
on St. Thomas and St. Croix has helped alleviate the water shortage but
water still remains a significant factor in the development of the
island's economy. —-

Rainfall in the U. S. Virgin Islands is of the same nature as that in
Puerto Rico, falling most frequently in the form of brief showers. The
rainfall-producing mechanisms are essentially the same as in Puerto Rico
except in the matter of degree.
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appear to be sufficient land available to increase the
cistern volumes laterally. The only way the volume
could be increased is by Baking deeper cisterns. This
operation would require the shoring of the existing
homes and apartments, therefore, the possibilty of
structural damage to these residences.

2.0 SITE DESCRIPTION AMD CONDITIONS

2.1 Site Background and Conditions

The Tutu Well site is located at the eastern end of the
Island at the Anna's Retreat Section of St. Thomas (see
Figure 2-1 page 5). Most of the wells are used for public
drinJcing water supply. The wells appear to be drilled
into the Turpentine Run aquifer.

On, or about July 7, 1987, Mr. Eric Tillett, contacted
the U.S. Virgin Islands (U.S.V.I.) Department of
Planning and Natural Resources (DPNR) regarding an odor
emanating from the raw well water on his property
located at Anna's Retreat, St. Thomas, 0.S.V.I.

On July 16, 1987, the BSEPA received a request fro* the
DPNR in St. Thomas, for sampling and analyses of
several wells in Tutu. On July 21, the OSEPA and its ~
Technical Assistance Team (TAT) contractor, Roy P.
Hasten, Inc., mobilized to St. Thomas, to perform
sampling on the drinJcing water wells suspected of being
contaminated. These wells were also reported to have a
strong, unpleasant odor and were found to be
contaminated with hazardous substances.
The EPA and its Technical Assistance Team (TAT) in
coordination with DPNR, initiated sampling of wells in
the affected area in July 1987. The test results
showed the presence of high concentrations of gasoline
and chlorinated organic compounds. Pour wells: Elgin,
Pour Hinds, Harthman, and Virgin Islands Housing
Authority (VTHA) were closed down by order of DPNR due
to high VOC concentrations.

Several of the wells in this area are major
commercial well services used for public drinJcing water
supply, therefore, the incident was classified as major,
and the DPNR Commissioner requested the EPA to assume the
role of Lead Agency. The well locations can be seen in
Figure 2*2 page 6.
A Texaco station, located opposite the Tillet Hell, is
suspected as a possible source of contamination. A
Petrotight test conducted on the underground storage
tanks at this facility indicated leaks in two of
the three tanks. These failures may have contributed
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to the groundwater pollution problem, resulting in the
contamination of nearby wells. Another suspected
source of contamination is the Tutu Esso gas station.
This facility stores waste oil in an underground
storage tank. The facility has had problems in the
past with leakage from their underground gasoline
storage tank and is suspected of using solvents
in the mechanic shop. At the time of inspection, the
nature of the problem had not been determined. Both
the Texaco and Esso gas stations are upgradient from
the affected wells which are being supplied with water.

EPA continued its efforts towards the identification of;
affected wells in the area, customers which
had received water from contaminated wells, and
possible alternate water supplies and remedial
action alternatives.

A testing program of wells located outside of the known
area of contamination was conducted to evaluate those
areas as possible alternate water supply sources.

Sampling of cisterns served by the contaminated wells
was also performed. EPA directed the Emergency
Response Cleanup Services contractor (ERCS) to; clean
and disinfect the five (5) cisterns which had tested
positive for PCZ, modify the existing home plumbing,
disconnect the contaminated wells, and dispose of the
contaminated water. At EPA's direction, ERCS also
contracted a local water hauler to deliver
uncontaminated drinking water to the cisterns by tank
truck. A well sampling program was established by the
EPA to monitor the wells at the Tutu site for a one
year period.

Mine potential responsible parties have been identified.
These facilities included three gasoline service
stations, two vehicle maintenance repair shops, two
territorial government agencies, one dry cleaner and
one abandoned gasoline service station. EPA has
identified Texaco as a viable potentially responsible
party, based on the results of a soil/gas survey
conducted on the Texaco Property under order from OPMR
and under the supervision of EPA. The survey found
total hydrocarbon concentrations up to 690 ppm of
benzene. EPA is continuing its efforts to identify
potential responsible parties.

2.2 Topography and

•St. Thomas is the most northwest island of the U.S.
Virgin Islands and the second largest. The island is
approximately 14 miles long and 2 to 3 miles wide and
has an area of 32 square miles.



The land surface is almost entirely sloping and extenc
seaward from a central ridge, 800 to 1,200 feet high,
running the length of the island. The slopes, which
commonly exceed 35 degrees, are dissected by numerous
stream courses of steep gradient. The general
appearance is a panorama of steep interstream spurs an
rounded peaks. Flat inland is confined to the
Charlotte Amalie area and a few small alluvial-filled
embayments. The only variation in the general
topography is in the upper valley of Turpentine Run in
eastern St. Thomas. The valley has relatively gentle
topography consisting of rolling hills in a basin
surrounded by steep slopes and sharp ridges.

The Tutu Formation, the youngest rock exposed on St.
Thomas is composed almost entirely of angular debris
derived from the Louisenhoj Formation (an older
volcanic formation) and minor limestone debris from
thin limestone deposited contemporaneously with the
Tutu Formation.

The rocks were subsequently tilted to form a northward-
dipping homocline. Dips range from 15 to 90 degrees
and average about 50 degrees. Locally the formations
are overturned.

The permeable zones that these rocks once may have bad
after deposition have been destroyed by metamorphism or
by deposition of minerals in pore spaces. Groundvater
movement is now limited to openings along joints and
fault zones. The homocllnal structure is cut by sets
of faults trending M 43*W, N 55*1 and north. Three
well-defined joint sets parallel each of the major
fault directions. The valleys of the island have
similar trends and are apparently the result of
selective erosion of rock weakened by faulting and
jointing. Prime zones of groundwater availability,
therefore, follow the valleys.

Small alluvial deposits ranging from Pleistocene to
Holocene in age, lie in the valley of Turpentine Run in
east-central St. Thomas and the larger coastal
embayments.

The alluvium of Turpentine Run lies in a narrow band
seldom more than 200 feet in width along the stream.
Maximum thickness of the alluvium is about 40 feet.
Most of the alluvium, which is composed of silt, fine
sand, and clay and contains discontinuous beds of sand
and gravel 2 to 3 feet thick; lies in the Mt. Zion-Tutu
area of the upper basin and in the narrow valley from
Mariendal to Mangrove Lagoon in the lower basin. The
alluvium extends out under the lagoon near the mouth of
Turpentine Run. Although composed predominately of
fine-grained material, the alluvium readily infiltrates



streamflow when the groundvater level is below the base
of the stream. As such, the alluvium forms a readily
rechargeable aquifer, although it is of small extent
and yield.

Some coastal embayments headed by intermittant str«
contain small deposits of alluvium similar to that of
Turpentine Run. n«xlw*im thickness of these deposits is
estimated to be 50 feet, and their areal extent seldom
is greater than a few acres (an exception being the
Long Bay and Airport areas near Charlotte Amalie) .
Near the sea, the alluvium interfingers with calcareous
sand and at times contains lenses of mangrove svamp
deposits. Therefore, the deposits are of minor
significance as sources of water*. *1'

2.3

"Rain is the only natural source of fresh water to
replenish the water resources of the island. RainfaJ
is seasonal, with a rainy season in late summer and
early fall and a secondary wet season usually in May.
Nearly half the rain falls during August-November.
RaJLns exceeding 1 inch in ?* hour* cgm/t «<* **»• -̂ "̂ T̂
timCs a,y««r. yQur"TrTT? i—**— *• — «- fi"« «« • *
hour period about once every 2 years in large mtarmm.
•rnese rains can occur in any aontff, but are more ilk*
during the hurricane season (August-November) . About
SOpercent of the t<*» *Mtim'1 «*«*•!! i« between 40
50~incnes. Less tnan 10 percent of the time annual
rainfall is under 35 inches, which usually means a
major deficiency during the normal wet season and
drought.

The cumulative departure from average and the 10-year
running average of rainfall shows that at this time of
writing (1967) the island may be entering a period of
deficient rainfall. With the exception of a few years
in the late 1940's and early 1950's, rainfall in the
past 30 years has been below average. There has been a
long-term decline of about 10 inches in annual rainfall
since the peak of the surplus rainfall period in the
early 1930' s. The most severe droughts on record
ojcccurred in 1964 and 1967, when only 27 and 24 inches

rain fell, respectively.
Areal distribution of long-term rainfall, is
controlled by topography and the prevailing easterly to
northeasterly winds. However, individual storms may
or may not show the effects of orographic control or
prevailing winds and the areal distribution of the
storms can be very irregular*.(1' See Figure 2-3,
page 10, for average yearly rainfall.
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2.4 Samplino Results

Th« Tutu well sit* has been sampled repeatedly over
the last ten months and found to contain definite
contamination. The initial assessment was conducted in
July through September of 1987. Subsequent sampling
and analysis has proceeded on a monthly basis. The
initial assessment considered 26 wells and
approximately 50 cisterns. Of these wells and
cisterns; 24 wells and 5 cisterns were found to be
contaminated. The 5 cisterns were cleaned and
disinfected by the BROS contractor. Subsequent
monitoring has been considered for the 24 wells that
showed some type of contamination.

Table 2-1 pg. 12, lists the wells included in the current
sampling program. Tables 2-2 and 2-3 , pages 13-16,
show the volatile organic analysis results of the
contaminated wells and give the highest concentration
of organic contamination found during the last six
months.
The sampling, and most of the preliminary Photovac
portable GC screening, was conducted by the U.S. EPA
Region II TAT. Drinking water laboratories have
performed formal analyses to verify the photovac
screening results and to cover the entire spectrum of
possible hazardous contaminants*
Although, the concentration of these contaminants
fluctuates monthly, it is noteworthy that the major
contaminants have been 1,2-trans-dichloroethylene
(DCE), trichloroethylene (TCE), tetrachloroethylene
(PCZ), toluene (TOL), benzene (BEN), tertbutyl methyl
ether (TBNE) and various metals. Their high
concentration in four wells; Tillet, Harvey, Smith and
Steele has been evident from the initial assessment.
These wells show concentrations of volatile organics
(VO) in excess of 1,000 ppb. The major and most
consistent contaminant appears to be PCE. The Tillet
well has also shown very high DCE and BEN
contamination. Pour other wells; Francois, Mathias,
tour Winds, and Elgin; were confirmed to have >50 ppb

The last confirmation analysis conducted during October
1987, included the entire Hazardous Substance List
(HSL), (consisting of approximately ISO chemicals). At
that time, significant levels of TBNE up to 470 ppb,
and methylene chloride up to 120,000 ppb were detected.
Some samples have also shown traces of vinyl chloride,
chloroform, 1,1,1-trichloroethane, bromodichloroethane,
xylene, and ethylbenzene.

Finally, the HSL analysis also showed the presence of

i •• -"' > 1
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TABLE 2-1
CURRENT WELL MONITORING PROGRAM

AND CLASSIFICATION AT TUTU WELL SITE

WELL NAME CLASSIFICATION OPEN/CLOSED

1. Dede Public Open
2. Steele Private Closed
3. Elgin fl Commercial Closed

Elgin 12 Commercial Closed
Elgin 13 Commercial Closed

4. Four Winds Commercial Closed
5. Smith Private Closed
6. Bryan Commercial Open
7. Harvey Private Closed
8. Tillet Commercial Closed
9. Harthman Estate Private Closed
10. Oevcon |l Commercial Open

Oevcon 13 Commercial Open
11. VIHA II Institutional Closed

VIHA |3 Institutional Closed
12. Oench Commercial Pump/No Power
13. Ramsey Private Open
14. Harthman Crusher Commercial Closed
15. Alpha Leonard Private Open
16. Francois Private Open
17. Demltris Commercial Open
18. Rodriguex Auto Private Open
19. Harthman Bakery Commercial Closed
20. Mathias Private Open

\
Definition of Classifications

Private: Nells which serve one or two houses.
Commercial: Wells that are used to yield water for sale.

Institutional: wells owned and operated by a non-profit
institution or governmental agency.

Public: Wells that are for public use.
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TABU 2

or GEOLOGIC MATHUIJ*

taaga of Aaaigai
Typa of Matarial______________Bydraulic CoaductiTlty_____Valua

Clay, coapact till, skala; uafracturad <10'7 em/
Mtaaorphlc aad igaaoua rocka

Silt, loaaa, cllty clays, illty 10~5 - 10~7 cml
loaaa, clay loaaa; laaa paraaahla
liaaatoaa, doloaitaa, aad aaadatoaa;
aodarataly paraaaala till

riaa Mad aad allty aaad; aaady 10~3 - 10~5 eaVaac
loaaa; loaay aaada; aodancaly
pamaahla llavatoaa, doloaitaa, aad
aaadaeaa* (ao karat); aodarataly
fraetvrad Ifaaona aad aataaonMe
tocka, aoaa coaraa till

Crawl, aaad; hi«hly fractvtad >10" cm/
icaaooa aad aatavorphlc rocka;
p«ra*aala aaaalt aad lavta;
karat llaaatoaa aad doloalta

*0art«ad from:

Da via, S. •., >o realty aad Hraaaaillty of •atural Matartala ia
Foroua Madia. t.J.M. OaWaat ad., Aeadamic Praaa, lav York, Ifif

fraaaa, t.A. aad J.A. Gharry, Croaadwatar, rnacicaHaUl, Inc., aav Tork. 1979
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94 CARIBBEAN GEOLOGICAL INVUTICATIONI

the final base map. have good shore-line detail. Mapping on St. John wai
done on 1:20.000 enlargements of the 1:40.000 U.S. Coast and Geodetic
Survey map. Aerial photographs of approximately 1:10.000 scale were use-
ful for some structural interpretations.

Exposures along the shore line* ranged in quality from excellent to very
poor. Those inland, except in recent road cuts, were almost invariably
very poor. The best ouicrogQ t&JB& Sl- Thomas and St. John are tteep
cliffs, which are in place* ^gyHNKM f̂nverse. More sheltered shore lines
are easily walked, but rock •SSQlHMlc *re much poorer.

laboratory investigations indli4ii|MMdy of several hundred thin sections,
X ray diffraction examination of rock samples and mineral separates, about
300 pani.il chemical analyses, and numerous mineral determinations by
optical examination of crushed sample*. About a duien feldspars were
determined by measurement of index of refraction of grain* oriented on
ihe univers.il stage, according to the method of Smith (I960). Approximately
100 additional plagioclase samples were determined by measurements of
indicts of retraction of iinorientcd grains. An extensive optical study of the
feldspars, completed after this manuscript was first submitted, has been
published elsewhere (Donnclly. I96S). Pyroxene* were determined by meas-
urement of ii, and 2V. according to the method of Hess (19-19).

SUMMARY OF STRATIGRAPHY OF ST. THOMAS
AND ST. JOHN

The rock units of St. Thomas and St. John (Fig. 2) can be divided into
three major groups: the Water Island Formation, which consists of kera-
topliyre* and spilites; the Virgin Island Croup, which consists of andcsitic
pyroclastic rock* and sediments; and one or more dioritic plutoru. The
Water Island Formation possibly is late Lower Cretaceous. The Virgin Island
Croup is probably Albian (although the Hans Lollik Formation could be
Eocene), and the dioriies are early Tertiary.

The oldest rocks in the Virgin Islands are the keratophyrcs and spilitc*
of the Water Island Formation. These volcanic rock* are predominantly
flow* and flow breccias, but keratophyric pyroclauic rock* are widespread.
A few of the finegrained luffaceous beds contain well preserved Radiolaria
of undetermined age. Noteworthy in the Water Island Formation is the ab-
sence of terrigenous sediments. This characteristic, together with their ap-
parently igneous mineralogy, has led the writer to the conclusion that they
are probably volcanic rock* whkh were extruded on a relatively level ocean
floor, prior to the existence of a trench or island platform.

In contrast to the postulated abyssal environment for the Water bland
volcanic rocks, most of the overlying pyroclastic rocks of the Virgin Island
Group were extruded suhaerially. Both the volcanic and sedimentary locks
exhibit slump structures, and some megabieccias contain limestone blocks
ii|> to 100 (eel long. Tlic bulk of die sedimentary locks in the Viigin Island
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Ctoiip arc cu.use wackes consisting alinusi cntiiely of slightly
debris derived from ilie andesilic pyiotl.isiic ro<Ls The <lc|>o>itiou ol ihi>
group may li.ive accompanied llir formation of the iniii.il isl.ind
and trench.

"^\ HANS LOLLIK FORMATION I'O.OOO tttl
AUGlU-AMDCSlIC BAtCCU and * uVf Ufrp«r «Ad
)•«•/ tonloclk Aol iten

TUTU FORMATION (6UUUlcel>)
TtfffACCOUS WACKC Includtt near ir.« ba.i ih«
Cokl Point Megobrcccio lilholacies N.or
ii>< lov •> IM Congo Cay Limeslont Member
(200- 300 lee!) coARsiit
UMCSIOftC le» a larmalidn nol

OUTER BRASS LIMESTONE UOO - 6OO Ice ) )
PAHTIAl.il SIllClFlfO. tOf»»Ct&US. MlDiOl*Wl*N
LIMfSrOHC

LOUISENHOJ FORMATION (I4.00O (eel (W SI
Thomos), 4000 let) (E Si Thomas), 7OOO
letl (W Si John)) AUCIU-»nocsne •ACCCI**»4 luff itmf tCACH «« cicvei N»r <«, »»t,
h DM Cobts Poinl Conglomtrole hlholocies
»* »•<>*• I •«< MkkUl «l «»ll* ISLAND

UNCONFORMITY ————-

WATER ISLAND FORMATION (15.000 (eel t)
KCIUrOPHIIIl flOWS. FLO«f IMCCCIAS, «i< TUFf S.
•Mk SPlLirE FLOWS »*i minor AAOIOlAHlUS

Kicuu 2 c triliun |..i M I I.OH.JI j,,J Si |.,l,.,. \',,klll

Folding alter Ue|>o>iiion ol the Vng.n M.uid t.ion,, iemlu.1 L.^d,
fromdilfcicniijl venical moveiiic-iu .11. 1 |.io.lut.d .ivei.igc <li|>s .if III'. ,.,„.;
ing from 15* 10 'JOV 1 he assuci:ite«l suike >li,> (units h.nc lioii/um.il '.,11^,,
of less than I mile. Ahlioiigh coi.i.ici iiicuinoi|.|iic tlkui i^iiltiuy hom ilu
emplacement of dioritic |>lutoiis art extensive, the wcstein n,o thuds ol bi
1 honiat and the southern third of Si John are osemially
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WATER ISLAND FORMATION

GENERAL STATEMENT

The Water Island Formation of possible late Lower Cretaceous age
tuniisu almost entirely of keratophyre. t|>ilitc. and radiolarian lull. The ex-
jiosed thickness of this formaiioa it IS.OOO feel, based on projection o( die
highest and lowest hoiiiOM MHK A-fpwnabk correction for leniicularity
might lower the nue ihickM|̂ r(|| ̂ Rpptcd section 10 8000 or 10.000 (eci.
U'au-r Island, in the harbac «f Cfcgribue Amalie. St. Thomas, has been
selected as the I))* locality becauK of the great variety of rock iy|>es there
and the general excellence of exposures, although excellent exposures crop
out extensively along the south shores of Si. Thomas and St. John.

"Kcraiophyre". as used here, is an extrusive or hypabyssal intuitive vol-
canic rock consisting piodiminanily of albite and quaru. with chloriic.
micaceous uiineials. and iron oxide*. Nearly all of the Viigin Islands keralo
ph)re| contain considerable free quant, commonly as conspicuous phcno
ir)sts. Those uiih cpum phenocrysis could be called "quaru keruio-
ph)re" but many aphanitic rocks here called "keiaiophyrc" are chemically
identical to the socalled "quartz keratophyres" and the simplest term is pic-
ferrcd for all these rocks. A striking feature of keratophyrcs is the absence of
phenocrysis (or pscudomorphs) of pyroxene, amphibole, and mica. Keralo-
ph)ric flows and crystal tuffs are sodic, with a veiy low poiassium content,
but some apparently vitric luffs are slightly more poussic. Kciatopliyic in-
trusive rocks have a higher poiassium content an ' commonly contain sec-
ondary monoclinic K. feldspar.

"Spiliie" is a greenish seemingly altered extrusive or hypabyssal intrusive
lock, consisting of chlorite and albiie. with variable amounts of epidote.
pichniie, and cakite. Fresh phenocrysis of clinopyroxene are generally
pieseni; amphibole and olivine were not seen in the Virgin Islands spilitci.
Amygdulcs arc abundant and commonly contain most of the calcium con-
tent of the rocks as epidote. calcite, or prehniie, with quart! and chloiite.
The* spililes contain about the same amount of Na,O as the augiic
andcsitei of the Louisenjoj Formation, and about 0.5 per cent moic than
Virgin Islands diabase dikes. Included with the spililes here is a partially
albiiiicd augile andesile which occurs near the lop of the formation.

The name spilite has been applied in the past 10 many diverse rock types,
some of whah may be low-grade regionally metamorphosed andesites or
basalts. Other spililes appear lo have been unusually hydrous mafic intru-
sive rocks, and many ate deutcrically altered basalts or andcsites. However,
theie is an impressive body of evidence thai many socalled spililes. notably
certain Oldovician, Devonian, and Cretaceous geosynclinal spililes, have
characteristics which can be best explained by assuming an essentially mag-
ma lie origin for these rocks. It is lo this latter group of rocks thai the Water
Island Formation spililes belong.
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Such spililes may be thought of as toils u-hich have funned by . i l h i t i / . i
lion of andesiies. However, this piocess is believed 10 occur dining a laic
stage in the solidification of a hydrous mafic magma and is not caused by
later meiamorphism. Given a certain combinaiion ol phjsital and cht i i i ic . i l
conditions, spiliiiiation of mafic extrusive rocks is inevitable. l leiuc die
term, applied in an admittedly r e s t i i c l i v e genetic (hence suhjedite) seme, i>
a useful one and jliould be inaincrd. The auil iur aJiniis thai lo ivg i . i .K
mccimoiplimn m.iy obliieraic ilie niiiu-ialo^ical c iue i ia iicct>i.ny fm ilu
recognition of spiliiu.il ion. Cliciuiral aiul)i is <>( a l.n^e and can-lull)
selecii-d suite of specimens miglu tuveal whether or not i l i t - i i i r i .nn< i i | i l iu
roils in queklion had liccn original ly j j i i ln i /n l . bin H K | I aii . i l^it inigl i l . i l - » >
fa i l to do so, and ihc term should lie a| i |>licil t t i i l i i .nt 10 Huh 101 1 i iu l t >

k l H A l o T I U M L i

i i i liny iliilrinciil K I I . I I I ) | I | I ) I L - i i i n i | > m < ^ . i l jnul loin l i l i l i > nl i lu
U'alei Island Koiuial i i in . Mi ik l kci . i l i ) | ) l iyic tucu i s a> l luivj ami l luw l n m i . i )
with minor in (Is. both cipi. i l l ine and v in i c (i l ie l.niu . ihv.i^ <lo in ilitd) .md.
rarely, volcanic l i ietciat Ke i . i lO |> l i ) i ic i n l r i n i v c u n k ^ ,uc nm I I I K H I I I I I K H I .
they oicur as lioth t l i k i s and pluijv toii imouly i v i i l i \ c i y ivi II d c v t l < i | > t d
columnar joiniing.

Keialopliyiic lli»» ait gem i. i l l y Icm o( Ircl in l l iu l - i im I i u i l i i i k l l n u >
are completely ekpoted Iiom top to base; iliosc i v l i i i l i .no v > c l | I \ | IDSH| .in-
striking only (or their tcxiural unifminity ItaLiug and < lu l l ing plu I I O I I H n.i
aic iibsenl. Flow banding, lou.dly i inncul i . i i r o n i o i K i l . i- . seen I. i t . i l l y (I'l :i .
fig. I), ( loniat i s betuccn llnu- nniu aic roiiunonly di l l iudi lo i d e n i i i y .11
such, and alt itudes of the llow> .ue not a l tvays eas i ly . i H e i i . i i m d

One thick lrr . i ln |>l i ) ie flow ne.u i l i e base of the n i i i cn . on K.irn I U . . . I
St. John, slioui gopd field and petrngra|iliic evidence of v c i i i c a l d i l f c i c i i u . i
lion. The flow is about IGS feel t h i c k , and near the center is i c i l . l u l i g i a y .
grading logiemisl igiay duunwaid anil ujuvaid. l 'e ln>gia | i l i i i di l lc i c i u t s w i l l
be discussed later. The tolor change observed in the held ivonld a|>|>c.n
lo be I elated to a d i f l f ie i i l i . i l dcgue of oxidation of i ion u i i l n n l l u - fli»\
which is probably iclalcd lo i c l . i l i v e l o n c e i i l r a l i o n of \ o l i l i l c i in i l i e llou
center dining cooling.

Keraiophyrc flow bieccias. o icnning .i> d isc ie ic bciU, ate |noli .d>l) in .n t
common than flows in the Lcrolopliyic sequence but .ue d i f f i c u l t to d i s -
tinguish fiom flows. 'Hie m u l i i x of ( l ie flow brecc ias (an f i e i | i i e u i | y In
illslingiiislicd fiom the f i . ign i in i s only b) ( a i e f n l s c i n l i i i y of die oni . io | i . i lu -
patina of wealliciing uli i ih covers HUM U-ralo |>hyie> e l f e c l i v e l y oliscnus
the fine details uciessaiy to lecogniie these rocks, l-'iagiiu-nls in flow b i e i t i . i s
ate snbangiilai lo siibiounded. The matrix is almost identical lo die f i a g
menu in polished section; however, die matr ix we.ulieis moie l a ^ n l l y . .md
in outcrop a flow breccia wi l l appear tougher in g i < » s l e x l m e l l i . in a Hoi.
A few flow breccias consist of both Lerlophyre and sjulne l iagmcnis One
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such occurrence (sample GSJ 2. near the west end of Great Si. James Island)
is a 100 fool thick bed of keraiophyre and spilile rubble with a few lime
sione fragments set in an apparently igneous matrix. The minor recrystallua
lion of the limestone suggests a low temperature of extrusion No conglomer
aies were identified within the Water Island Formation, although many
flow breccias have rounded as well as angular fragments and, when weathered,
resemble conglomerates. Opf>*•( jfcjtt (»»">ple ST274. Lisenlund. Si.
Thomas) would tindoubiedlf*ttftiicil a conglomerate by most field gtol
ogists. but unweathcred speciMM faond a shori distance eastward along
the snikc show the igneous matrix very clearly.

Tuffs and volcanic breccias form minor but dininct units in the forma-
non Tuffs (grain si<e leu than 52 mm) are much more common than
breccias and occur as beds only I or 2 feel in thickness. None of the tuff
units could be demonstrated to have a horiiontal extent greater than about
half a mile. Grading is visible in the tuff beds, although this grading is
commonly interrupted by diasiems representing the action of water currents
on the sea bottom. Slump structures, generally in the form of contorted
bedding, aic uncommon. Many luff beds are silicified. although the original
pyroclasiic gioundmass is recogniiable in thin section. Apparently the origin
ally vitric gioundmass of many luffs has altered to fine grained mic.t minerals;
mmcoviic i> the most widespread, and celadonite and stilpnomelane have
been recogm/ed.

One of the best exposures of a keralopliyre breccia is on the cast shoic ol
Lameshur Bay. Si John (sample SJ-7). Here a bed several tens of feel thick
consists of angular fragments of keraiophyre a few mm 10 5 cm in a reddish,
hemaiitic matrix (PI. 4, fig. 4) The hemamic matrix contrasts with the
more neutral colors of most other keraiophyre flows and tuffs in which
hematite is generally subordinate to magnetite.

Dikes and shallow plulons of keraiophyre occur throughout the foniw-
lion, but are most conspicuous in the hills southwest ol Charlotte Amalie.
St. Thomas (Haypiece Hill. Grambokola Hill. Sara Hill. Cabritaberg). in
the vicinity of Naiareth Day. St. Thomas, and in the vicinity of Hodman and
Mi Zion. Si Thomas. (Mi Zion itself, however, is underlain by another
i>pe of iiuriikivc lock.) These bodies commonly exhibit colnmn.u jointing
|H.-ipcndicular to the cooling surface, and examination of ihc joints pro-
vides a means of reconstructing the shape of the imrume body.

The hills around the Submarine llase on Si. Thomas (Cabriiabeig. Giam
bokola. Haypiece. and Sara hills) are underlain by one or iwo intrusive bodies
known collectively as the Submarine Base Pluton. The accompanying map
and sections (Fig S) show that the form of the intrusive body is irregular.
The pattern of joints around Haypiece Hill strongly suggests the presence
of an intrusive funnel beneath this hill. The joint jwitern beneath casicin
Sara Hill, on the other hand, would appear to suggest thai ihe floor of the
intrusive body is stiblioritoiiial. irregular, and shallowly dipping here.
The intrusive extrusive coniaci near a probable vent at the southern end of
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Gramliokola Hill is model alcly sirc|i. On Calnu.ilu ig Hill ilu- mliiiim.ii
joints are nt.nly lioiuoiiul ur sli.illotvl) dipping mu.nil ilu omnium rml
of the intrusive body, but aie nc.iil) veiutal a|>|>io\iin.iirl) 5110 Ini miiili
of the soiitlicrn conud An ouuio|> of exiiiikive ro>k, cM.Knil) m< nn im;

FICUII 3 Mjp
I'laic I lot lociiiun

l «iuu icinuiu uf'ilit it Dm I.IIH.. I l...iu ,1 K> I. i

iusl underneath llie uilniiuc limly, un lie keen along ilic >lunc jnsi
of the Caribbean Hotil. Ikic the inmmve body was |i«>b.ilily kil ilu
a sleep conduit at its suullicrn end. ami sprcjtl noiiliwjnl ,ii j lo
conformable sheet. It i> not known wlieilici or noi iliii iiiiniMn-
connects with the oiliei one j| Jiallow ilcpili

The occurrence of iiilrinivc kctaio|>liyie in inoilci aitly l.ug<- Ixuli
ward the lop of the section nuy icllcn j subtle iipwanl change in Inlio

< < >
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luic optics), and rare biotitic mica, and a mafic mineral which has altered
completely 10 a hue grained, very red substance. This could be either
iddingsitc, bowlingiie. or some oilier clay mineral or combination ol
minerals. The glass fragments have tlilluse outlines and could be shards.
In no case, however, has the degree ol preservation revealed the outlines
uf the origiii.il glass liagnwnijk. Tilt appearance ol these beds in thin sec-
tion is vety similar to the UUMy>fta^rified lullaceous beds found in ex-
plosive rh)olitic suites/ but fWr tgptosive origin is not established by
|>eliographic evidence.

SIRAIICHAPIIIC V A K I A I I O N S

The Wau i Island Koiination i» icmarkably uniloiiii, consisting ihiough-
uut of about one fil ih spiliic and the remainder keraiophyrc. The lower pot-
lion ol the formation, seen best at Ram Head. St. John, and on Cieat St.
James Island, consists dominanily of thick keiatophyre Hows with inter-
calated spilites. Breccias and pyiocbstic rocks ate minor and form only
very thin units with a limited lateral extent. The upper portion of the for-
mation, seen best in the vicinity of Ch.irlotte Amalie. St. Thomas, and on
Water Island itself dillers piincipally in the greater percentage of py roc last ic
units. Aioiind the inliusive bodies of lljypiece Hill. f.rainbokola Hill, and
C~ibiiiabeig. the loiniaiion is doiuinanlly pyroclasiic, with only a few thin
keraiophyric flows. On Flag Hill, straligiaphically slightly lower than these
pyioclastic locks, a strikingly thick pyroclastic unit is intercalated in a
dominant!) flow sequence. No mineralogical distinctions between the lower
and upper puitioiisof the formation can be seen except that near the top
of the formation theie is one occurrence of oligoclase and albite with
high-lem|>ciaiure optics, and iheie are three occurrences of albite with
optics which deviate significantly from the low-tempeiaiure slate and which
have been called quasi low icmpeiatiire optics (Donnclly, IOCS).

ENVIRONMENT

The mo»i striking featuie of the Water Island Formation is the complete
absence of terrigenous sediment: the entire exposed thickness consists of
volcanic rocks only slightly reworked locally by water. The second impor-
tant feature of this unit is that most of the volcanic rocks, except for the
uppermost 5 per cent of the formation, are flows. The pyioclasiic locks
themselves consist entirely of relatively eqtianl. angular fragments, and
shards or pumiceous fragments are not seen. The quiescent eruption of
apparently hydraled magmas mutt indicate that these magmas weie
erupted under a confining pressure of superincumbent sea water approxi-
mately equivalent to thai of the deep sea bottom, which is sufficient to pic-
vent the explosive expansion of a magmalic gas phase, llydr.itcd in.igin.it
erupted in this environment wil l experience separation of volatilcs if the
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partial pressure of these volatiles exceeds thai of the seu water (.ihout 500
aim at 15.000 feel). The expansion of these volatile*, however, wi l l be in ihc
order of a few limes, not many thousand limes, .is would be Hit- c.ise if tin
magmas were erupted subaerially or in shallow water Abyssal p y i o < l . i s i i <
rocks will not be formed by explosion lint by r c l a t i \ c l y ( J U K I expansion <>l
volatiles and sudden (hilling by sc.i w.iter. Dispeis.il of pyuHl. ist i i
will probably be effected by slow moving bottom cur mm. <>i
currents initialed by the release of heal into the sea w. i ier . 'I he absence •>!
terrigenous sedimentary locks indicates that there ucir no e int igcni Ul.imK
which could have served as the souuc ol we. i ihcted i l i - t i i i n s Sluni|>
slrucltires or iithcr evidences of deposition on sl»|>es aie picsenl but uu-
not abundant; in contrast, nc.ir the top of ihc forinalion l l i e i e nic sevei . i l
sliiking orciuiences of evenly layered pyrocl. istic L . c t a l O | > b y i e wi th no bnl
ding disliu h.incct E\ idcni ly this foinialion accumulated not only in abys
s.iI depths bill also on i.ilher Hal sea bottom 'I he nppcarame of s l ight ly
more explosive cmpiivrs only at the very lop of the Koiin.ition slums thai tin-
sea bottom
cumulation
slant water
Alternatively,
been res|K>nsihle for the appaienl shallowing of wati i

^plosive eiupiivrs only at the very lop of the Koim.itioii slums thai tin-
lorn may lia\c been subsiding during the gieaicr p.nt of the .11 S'
lion but that subsidence was not rapid enoiigb to n i . i in i . i in a con- jfr
Jler level at the eruptive tenlei of the accumulated \olt .ui ir dcpokii^^ jr
lively, regional uplift near the end of Water Island t ime could b.n«W/

V I R G I N ISLAND CKOUI '

IOIIISINIIOJ KIKMAII I IN

InlTOiltliluiy ilnliiiiriit. Dm 011(01 m. i l i l y i i u - i l y i n g the \ \ . i t i i I s l .nnl
Foinialion and cropping out on about half (he l.md .uc.i ol St. I lionias ami
Si John is the I.ouisenhoj (I.OO e' /an boi) Foim.il ion, n mud loi ex i c l l rn i
ex|K>suics in road cuts in the v i t i u i t y of I niiiscnlioj. jnn noi tb of ( . l i .n lota
Amalie, Si. Thomas. ( Ib i s thicl. scijueiui is piedominantly . i in; i ie aiulcsitc
and varies in mode of deposition fiom pyroclastic to e | ' i i l . i s t i i The I I I . I M
ilium appjicnl thirkness li.iveisnl is about 15.000 I n t . but a u-aumahk-
correction for len i i iu lar i ly ini^hl i i d i u i - ibis (om|i i i i i - i l ih icLnos li) a l lnnl
01 more. C:lc\e ( I H 7 I ) tailed this i i x L type "Ithie Ik.ub ami tb i i i i . i i n t - b . i>
|>eisisied: all of the natives of the Vi i^ in Isl.nuls .nc l . imib .u \ \ i t b "Him
Hitch" or "Illuc Hit."

The formation is thickest anil almost en l i i e ly p)ioi l . i » t i < ( l o i . i l l ) u-uoilul
lull beds arc considcieil essentially pyroclaslit) in ives le in Si Thomas In
eastern St. 'I lionias ihc b i i i i i . i l ion i* mm b l l i i n i u i ( I l l i l l l d - i t ) .mil i> K H I I
posed almost cntiu-ly of IO.HM- i lnni |n( l and leumkci l p ) io< l . ism iMms.
probably <>ii|;inalinj; liom a sin ill snb . i c i i a l rnno In w r i i n i i Si |< i lm i|H

forinalion is th i tkcr (71)00 lid m i n i i i i u m ) .nul t » i u i - > i s |>n I | M U I I I I . H I I | \ . i l
coaise cone ilrlnii I iguu (i ibows an lulu |>i e lat ion ol tin mm I mom \\ bu li
lesnlled in this disl i ibinion of l o tk types and ib i i ln»s< > l . i i i l n i c c Im ilu
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Cabri I'oinl Conglomerate lu/io/aciM. Near the base of the formation
hi the xic.nity ol Ciui Day. St John, and Cibes Point. Pearson Gardens.
and Bunker Hill. Si Thomas, coiiglomeraies are interbedded with andcsi-
tic pytoclasiic and epitlastic locks. These conglomerates consist almost
entirely of well rounded keraiophyre cobbles ami lobbies derived from the
iiiidcil)ing Water Island Formation. At Ciui Bay. however, these conglonv
eratcs are more or less mixc*.*!* »^Je»««'C *!•'». *«gg«»'"B «"al "lb

aerial erosion ol the cone *«*?£** «M« «' lhe •»»l«l)'inB k«»'op>|)'«
beds were simultaneous. Al &fefl MM the conglomerate is composed o
well rounded and laiily well sorted kcnlophyie and ipiliic cobbles and
pebbles These conglomeiate bedi appear to have been debited in
shallow water, and were not product! ol lubidit) current de|KMinon. They
aie well sorted, are not graded, and have relatively little mairi». Their
presence indicates subacrial erosion, transmit, and deposition ol older
rocks dm ing early Loiiiscnhoj time.

\Valrr litand I ouiicnhoj contact. There are lew places where the
tomacl between the Water Island and l.o.mcnhoj Formalioiit is well
exposed. In Si John there is one excellent exposure ol the contact along
the west shore of Monte B..y. and ilicie aic poor exjiosures at Klein
Bay. The ex|>osuie on Monte B.iy shows a congloincr.iic of the Lomscnhoj
overlying a spilite bed The spiliie is quite fresh at the contact, and lhe over
I)ing conglomerate contains a wide assortment of Water Island lithologics
imlu.ling. however, very few rocks identifiable with the underlying spilite.
At Calvary Bay, Si John, tlieie is an exposuie of a conglomerate of the
Louiscnhoj Formation overlying kerntophyre.

On St. Thomas the conlati itself is poorly exposed, but an extensive ex-
posure ol Louisenhoj bed* above the contact at the headlands between
Brewer's Bay and the airport is ol peal interest because ol the extent ol
apparently contemporaneous weathering displayed here. The Louiscnhoj
beds here consist dominanlly ol subaerially. varicolored andesilic ash inter
bedded with conglomeratic Water Island detritus. Some ol lhe ash units
are brick red and consist solely ol albite. hematite, and a little illite (X ray
diflraclion). The albiiiicd plagioclase phenocryst* evidently withstood the
weathering almost perfectly, but the entire mafic part ol the rock has been
converted to oxide Other units consist ol varicolored fragments ranging horn
deep red to green, evidently reflecting differential susceptibility to weather-
ing Still other units consist of greenish or grayish fragments in a uniformly
puiplish matrix. The basal subierially weathered unit is less than 100 leel
lliick and was found at only this one locality. The color ol the beds somewhat
resembles that ol the weathered hydrothcrmally altered rocks (discussed in
a following section), but the latter grade into whitish unweathcred rock
within a few feet of lhe suiface and are mineralogically quite distinct. The
extent of ihis weathering is complcicly unlike any recent weathering of any
rock i)pcs in these islands and undoubtedly reflects weathering contempota-
neous with original deposition.

Another occiurence of conieiiipoi.mcoiis vicailiciiiig is pom I) r\.|«>>ul .u
Winiberg Hill, St. Thomas. I lie pooi naiiual cxposim*. uliiili .no <>f
lightly mctamoiphosed rock, wtie originally thought in lie id li)ilioilui
mally alteied rock. However, icteni (1963) excavat ions Im io.nl i <msii m IK.M
revealed the originally wcaihcii.il ii.iiure of ilicsc KM lv

Mineralogy of tnafic Itaginentt. 'lhe piiiuip.il iiiinn.iK loiiiul in in.ilu
Iragmcnts are plagioclasc. clinop)io\rnc. dilonic. .uul |iiini|ifll)iii-. .nnl :il^>
matrix and opaque minerals
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PLACIOCLASE: Most pheiiorrysls.of the l.ouisenhoj andesiics arc labia
about An,, (Fig. 10). Near the base of lhe formation in.my |>>roil.isiic io<ks
contain a distinctly more calcic plagiotlase (An,, to alioin An, ) Some of
these pyroclasiic rocks contain both bytownilic and labracloritic fiagmrni*.
but a few contain only bytownitic (or anorlliitic) fragmcnis 'Hie ftlilspais aie
sharply euhedral and slightly zoned. 1 hey show abundant simple luinning
and some albite twinning. Groumlinass plagioclasts and pl.igiodascs in ilie
matrix ol coarse pyroclasiic rocks me very fine giaincil aiul cloml) M my
are distinctly more sodic than the plienorrysis and range in c.iliimu tonu-iii
down to An,,. In many lapilli lulls, lhe only feldspar (omul it jIMic (An,);
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composition of the more siliceous dillc-iemiaies. The ex|>crimciiis of Yodcr
jnd Tdley (IQuL'J show cleaily thai ai water pressures greater ili.in about
1000 ban, material o[ basaltic com|K>silion should IK convened lo a mix-
ture ol humblciule and pl.igioclase at subli«|iiiilus Icmperaiuici. As the
temperature rises the material will begin lo melt, with the plagioclase
being consumed fust. The first liquids produced will be highly Itlsic and
siliceous. '1 he compositional UCful of liquids produced at successively
higher teni|>ei.uiiics hat not |KCN experimentally determined, hut a com-
patison with the analogous ptoctflurc in anhydrous cases (generalion of
basalt) suggests thai hornblende will lake the place of diopside us the
dominant mafic phase being consumed during the greater pan of I he melt-
ing 1 he h)dioui liquid might, therefore, be more enriched in Si than
i«ould compaiable liquids coexisting with diopside in the anhydrous case.
'Hie extent to which residual hornblende might control the composition of
the liquids will not be easily evaluated until these hornblendes can be
(ollcclcd and analyted. but this consideration might prove to be pivotal.

Tlie quantity of keraiophyric magmas generated is perhaps the only
really serious objection 10 the hy|>oihesis of generation of this entire suite
Iroin the upper mantle. The quantity of siliceous rocks is unknown, but
geological inference (exposed atca of Water Island Formation, which is
about 80 per cent Lcralophyie) combined with geophysical information
(seismic refraction and gravity) suggest thai the Water Island Formation is
a pi ism abuut 5 Lm thick, extending peihaps 40 km in an east-west direc-
tion, but quite possibly thinning 10 the east, and extending perhaps 20 km
in a noiih south direction. This volume—4000 cu km. or 3200 cu km of
kciatoph)ic — is pioh.ibly a maximum, because possible thinning lo the
cast anil to the suuili was ignored in the calculation. If fusion of 10 per
cent of I lie upper mantle might yield a keraiophyric liquid, then 32.000
in km o( upper mantle wcie fused during this igneous episode. If the depth
of fusion was 10 km and the cast west hoii/onlal extent of fusion 40 km.
thin the horizontal dimension of the fused tone in a noiihsouth direction
mutt have been 80 km. These figmcs may lie off by an order of magnitude
or inoie. but they cmphasite one problem: the generation here of siliceous
magma liom the upper mantle may require the partial fusion of more ma-
terial lhan can directly underlie the vent, unless the fusion extended to
gieai depth. The explanation for this seejning paradox is as follows: Dining
the erogenic process compression and thickening of (i)drated Caribbean
CTUSI and up|>cr mantle carried this material into the orogen from .1 con-
siderable distance perpendicular to the axis of depression. The orogcnic
magmalic process then can be compared lo a mill lo which is fed fresh, hy-
dialed ii|>|xr m.intle. and fioin which two prodmis, magma and mafic 1C
kidnum. aie icmoicil, the first thioiigh ascent and eruption and the second
ilnmigh gijdual displacement downward .mil eventually laterally. The
.iiiiiiunl ol keialophtic eiupieil might lute icquiied lateral slioi letting of
ahum do km in this atea. The i|ii.uiiiiy of siliceous igneous roik seen heic
i> l-r in excess of any thai has been recorded in similar orogenic ?oncs. and
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the Virgin Islands may be an extiemc example of a pioc ess which has 01
curred lo a lesser extent in m.my places at many times Cleaily our know!
edge of the composition of upper mantle is too limited at this time to assos
this problem further.

The writer (Donnelly. 1964) also pointed out that the generation of a
second, strengihlcss phase (aqueous, or hydiated silicate melt) during
orogenic thickening would have profound sirucliit.il implications I he
volume in which this phase was generated would become essential!)
strciigililcss. and the structural process would be expected 10 change fiom
a relatively mild thickening to a more violent movement along an exten
sivc shear. 'I lie consequences of (his movement would be thai the island
platform would be raised lo an emergent level, and possibly an adjoining
oceanic licnch would be fonned The elfeci on the genciaiion of igneous
melts would be thai (lie rate of depression of mantle inaleii.il (and the
rale of healing) should be increased gieatly. After this profound slriiclui.il
episode, the generation of magma will be relatively rapid, and the piopoi•
lion of mafic to felsic magma high. The restriction of abundant siliceous
magmas to the early stages of otogenic evolution is lomisieiH with tlm
idea.

In conclusion, the following points seem well established. (I) Two l>pes
of chemically unifoim magmas weie generated throughout the span of
geologic history of these islands (2) Theie has been inieiac non ol erupted
magmas with the environment in the case of alkali exchange in e x t i u s i \ e
kcratophyres. Other possible exchanges have not Urn established. ex<q>t
that a few samples of highly metamorphosed ketatoj i l isres li.ne been ini
povcrished in alkalies. (3) The siliceous magmas K|>MM.III icm.ii) |(.) \ l > O i )
melts deriveil by partial fusion in a dominanlly sodic en\ iionincni. and ux»i
probably, in an environment with considerable calcium I lie I.HU bcli.nnn
of this presumed calcium remains one of the important anomalies Tim
parent material, for diverse reasons including geoph)sical and cliemicil e\ i
tlcnce, is considered to be upper mantle. (I) The mafic magmas aie chcim
cally similar to so called high alumina basalts lypiial of oiogcnic legions
genetally. The high magnesium of the spililes results fiom its generation

' from a material largely depleted in iron by abstraction of keraio|>li)ie (!>)
The increase in aluminum with time and the higher noini.nne Ab/Q i.nio
of the later ijiiaiu .indesine porphyries of the second gioup may indicate
generation ai increasing depth with lime. (6) Crystal settling and assimila
lion of wall rock were probably of little impoit.ince in the geneiaiioii 01
differentiation of this suite.

SUMMARY OF GEOLOGIC AND TECTONIC Ills TORY
OF Tllli NORTHERN VIRGIN ISLANDS

The tectonic evolution of the I'ueiio KI«I Viigm Kl.m.li .mi li.i> .il
icady been discussed by the wriici (Donntlly. l%l). 'I he following auoimi
siimmari/iiig the geologic lustoiy of the noiihein Vngin Islands elncid.nes
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these ideas Inn ioiinduces no new toncepis. I lie in.ijoi cast-west fault
deduced I j igc ly iioin gravity ctidcme wa» nut lecugni/ed at llic lime lli.il
paper was ptcp^red; liowevcr. its exigence requires no modification ol the
iilc.ii presented.

Tlie keratophytes and spilites u( the \Vaici Ul.niil Formation were
e.MiuJtJ on a relatively flat sea bottom, as indicated by latk of leiiigenous
detri ia l sediment and paucity of shunp slruciurrs in most lullaceous units.
A m.ijor cast-west liigh-angtljIiiMll inferred liom gravity data was piob
.ibly the locus of ciuption of these wiagmas as well as most of tbc later
magmas. Movements along iltis faith siiniill.inciuii with eruption led to
accumulation of ilic \Vater Island rocks in a basin with a sharply defined
northern edge. Tlicic is some evidence of shallowing of the water level
towaid the end of Water Island time in the greater pioporiion of luff.u cons
Leratophyifs at the \cry lop of the section. The end of Water Island lime
was marked by abrupt emergence, possibly in part along the major east-west
(411)1 noted pictioiisly. This niovcinenl. as well as subsequent movements
along' ibis lault, was of an opposite sense to the original movement: the
noitliein side went down. Overlying basal Louisenhoj beds weic deposited
suLicrially and weathered to foim a brick-red soil completely unlike any
that are fuimiiig at the piesent lime. Intercalated conglomerates of pic-
dominaiuly keratophyric clasts which are es|>ecially abundant near the base
of the'Louisenhoj show that there was a rather persistent emergent source
aica of older rocks exposed at this lime. Slow subsidence after c.ulv
l.uiiisenhoj lime is reflected in the gradual diminution in abundance ol
conglomciatic units, the finer gr.iin site of the p)roclaslic de|M>siis ami theii
re u oikcd equivalents, and the increasingly excellent grading of the lull
beds toward ihc lop of the (oiiuaiion. The overlying Outer Uia>s Lime-
stone represents almost complete volcanic quiescence and subsidence below
the level of eflcctive tvuve erosion of the older rock units.

The beginning ol Tutu lime was the beginning of renewed differential
vertical movement, with newly cicaled or tcjuvcnaled steep slopes shedding
ujcl.cs into water ol unknown depth. Emergence of JMII of the somie
area is seen in the abundance of partially wcalhcicd Lonisetrlioj fiagmenis
among the deirilal component of the I'ulu Foirnalion and iij the inter-
calated blocks ol (ossilifeious limestone of the Coki I'oint Mi-g.ilnccci.i
lithofacies A brief |*riod ol near •emergence is seen in the Congo Cay
Limestone Member. The lecrysialliiation of this unit is loo extensive to
ha\e preserved any of the diagnostic |>eirogiaphic c r i t e r i a which might
ha\e revealed something of its environment of dcjiosiiioii. but its massive-
ness and neail) pine c . i l i i l i c cunqiosilinn shows ih:il it must h.i\e Ih-cn a
b.mk dejiosil of nearly pine skeletal tlcbiis

Renewed \ idcanisin after Tutu lime i» seen in the ihiik aiigne andesitc
p)ioclaslic rocks of the l lans l.ollik l;oim.iiion. Mineralo»ically this
;inilesite appears to lie identical 10 ih.it of the l.oni>enhi>j Fotmatron.

I'ost l la i i i l .ullik Formation hi&lo iy it olniiiit in die American inlands
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and has been irc . i lc i l in moie i l c - la i l by MeUley (191)11 ilion) in (he H i i i M i
Viigin Islands A dale of Middle I'otene near llic tup nl i l i c ' loiinl.i l o i m . i
lion (which includes the Jl.nii l .oll ik I o in i . i i i in i , c.i l lc-d l>) l l c l > l c ' > .1
liicinlicr. in the l lr i l i s l i iil.uulj) oi . ibl i i lui rhe .iyc; nf i l i c up|<cr p.m <>l i l i <
Viiy in Islandi Gionp The- l.ngi l i . i iho l i t l i in i l ic I t i i l i U i i-.l.ind> i i i i i n . l i >
the loilol.i Iuiin.iiiou arul is a p j i . i i e i n l y ( i » i u i i i | i < n . i i i f < > i i s itnh i ln i i < m
fossililfious Necker Foiniaiion.

llori/onlal forces of any oiieni.i i iou 01 sense (.uiuoi lie shouri in I I . I M
played an important tolt at any si.igc- i l iu iny i l i c t tu l i i i iu i i til i l iu .in .1
Neatly all the siiucdiul relationships ohscivc'd. .is well as the p h v s i i . i l
Slialigiaphic ch.iiacic-r ol the ro tk units , I .HI be mint/ c . i s i l y cxpLiinc' i l mi the
basis of drllerenlial v e r l i i a l riioveinenis M.iny I.mil jil.incs .11 KISS whiih
such rnovcnreirls CM cm ml may have continued to \>c the loci of fault >l i s
placements from del.iceons to ear ly I V i i i . u y lime, .mil even in the pnseni.'

Tlic problem of the generation of I lit in.ignus is n i c x . i i i i . i l > l y l i n k f t l w i th
that of lire slrucimal evolution of the arc. The generation of all ol the
magmas is considered to have occulted as a result of the more or less p.n
lial fusion of liydr.ilcd upper mantle rn.i lei ial , identical to ili.u pieuml}
found beneath the Caiibbean Sea at depths between 5 and Ifi <>i 20 km
below the sea lloor. The large volume n( siliceous U i . i « > | > l i ) i r .mil in .1
Icssei cxlcnl. the volirme of later m.ific rocks, i c i |n i i t s the fus imi ol n|i|>< i
mantle over a horiiorual extent consideiably gic.ilrr llun ihc piescnt di
mensious of the orncio|iping rotk units If the fusion was l i imut l in i l i f
hydtaied 10 to 15 km of upper in.mile, then the only atleipi . i ie e\|il.m.i
lion for the volume of magma vrupied is that l ioiuoin.il inmemrnis n.nis
ported adjacent, unfused mantle into the orogeu. where it was dtpusscd.
healed, partially fused, and then its r c - f r a i t o i y residuum i l n u l y di-.pl.ued
downward and laterally.

The evolution of this poilion of the U'esl Indies i> l i . i su . i l ly ihc n.-spon->e
of juxtaposed, physically contrasting pl.iics of crus t .uxl npjur in.milt 10
an applied Iroruonlal force. F.iilme along the join helwetn i luse j i l . ius
resulted in thickening and clownwaiping in ihc i n i t i a l sl.iges (\\'aler Isljiid
lime), followed by compressive faihne. the (orin.ilion nf a in.ijm ic-vt - i sc
fault system, and rapid uplift , which foimed an enieigrni isl.nnl | > l . i i l n i m
(Louisenhoj lime) and, most probably, an adjoining oic.imi t i f i n l i F u i i l u i
application of compressive forces c.mscil (under i h i t k e n i n g ami i n n i i i i m i l
emergi-nce of the island pl.nforin. I l i c i c i> no eudenco in the Vi i i^ in
Islands that submergence of any magnitude ever occnnctl .idc-i U'.iai
Isbnd lime. Magma was generated by i l ic part ia l fusion u( h) i luu>l rippc i
mantle; the proportion of siliceous and mane magiii.is .it any lime i t f l r i i >
the rate of ilefornialiorr and the ialco( lempeiaiuie l ise

Tire eastern Greater Anti l les is a uniipie cxlulm nf i l ic s . i l u n i d u m < >

'ire itmntoie 2. JUKI- I1U
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of the eatih's island arcs. This area has never been blanketed with the
thick lenigciious sediments which have modified and later guided the
situciural evolution of most oiogcnic legions: it repicscnls instead the
diiect interaction of oceanic ctust and erogenic forces. The failure ol these
roils to have been metamorphosed and their subsequent exhumation in a
neatly priiiine condition are probably the result of u lucky geologic.il
accident—the development ol »» «HHfillive strike slip fault system south of
i he island platform along whk'h WffC resolved the bulk of the poil t'oieiu-
deforinatikc forces. U'ilhin the island phtfoini, the dominant tectonic
forces have been <JiKerenli.il vertical ntoveincnis caused by lliickeiiing .u
depth. Although none of the structural or petrologic conclusions derived
fioin ihis study can necessarily be applied to any other S|>cciiic area,
nevertheless certain observations cannot fail to raise serious questions con-
cerning long standing geological hypotheses which have not been seriously
questioned in icceiil years.
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ESTIMATED MATER JSE IN ST. ~HOMAS,
U.S. VIRGIN ISLANDS.

JULY '983 • JUNE '984

3y
Heriberto Torres-Sierra and Rafaei Dacosta

INTRODUCTION

..'ater use :ata iwithdrawal
:na '.••2turn arr.our.es ) has uiwavs
:een :he r.cst jifficuit element
:c jerir.e in :he -ydrclogic
:yc_e. The r.eea to .eterrr.ine
che amount cf water used to r.eet
public, crrynerciai and domestic
".eeas among :cher uses is
essential where rhe available
supply is inadequate. In St.
Thomas, _'.S. Virgin Islands,
where streamrlow occurs mostly
during periods of intense
rainstorms and ground-water
resources are limited ("Jordan
and Cosner, 1973), water-use
information is critical.

In 1983, the U.S. Geolog-
ical Survey, Water Resources
Division, in cooperation with
the Water Resources Research
Institute of the College of the
Virgin Islands, began a general-
ized inventory of water use in
St. Thomas.

St. Thomas is located about
20 miles east of Puerto Rico
(fig. 1). The island's popula-
tion increased from 16,000 in
1960 to more than 47,500 in
1984, paralleled with an in-
crease in water production to
meet the public water-supply
demand (fig. 2).

The water demands have
increased also in response to
tourism development. Although
the production of water increas-
ed with the installation of a
Large-scale ^eawater Jesaiir.a-
tion plant by the Government cf
the U.S. Virgin Islands, the
demand has not been satisfied.

"iv . :; o u t ~ a r c _- n c r the
-•acer procucea -J -cccunted :or.
~ost.Ly -ue :o losses r'ron
leakage in .he distribution
svstem installed in !9-J9 ( Priede-
SedgwicK, Inc.. . ̂ 7 Gi. !ther
losses ,-re ..ue ;o unauthorized
connections, :auitv r?.eters, and
uncontrolled public faucets
•fig. 3).

WATER SOURCES AND USES

"The principal sources and
uses of water in St. Thomas are
shown in :ig. •«. Seawater,
rainfall collected from residen-
tial roof-top catchments, and
ground water are the main water
sources in the island. Thermo-
electric-power generation, pub-
lic-water supply, and domestic
and commercial self-supply are
the principal uses.

Seawater is used indirectly
as the source of condenser-cool-
ing water by the Virgin Islands
Water and Power Authority (WAPA).
The waste heat from the Island
thermoelectric facility (fig.
5a) is used by the seawater-de-
^•alination plant (fig. 5b) .
Desalinated water from storage
tanks (fig. 5c) is distributed
to the urban areas in Charlotte
Amalie (fig. 5d), by the Virgin
Islands Public Works Department
(VIPWD). Areas outside the
public-water supply distribution
system, such as the Donoe
housing project at N'ew, (fig.
5e) can be classified as self-
supplied -_:sers. These ^btain
their water supply from rainfall
catchments, wells, or from com-
mercial water haulers (fig. 5f).

U.S. GEOLOGICAL SURVEY
WATER RESOURCES DIVISION
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"he -:ain :rt;an area 3t
Jhariocce Amalie is also served
bv a seawater = vscein. This
~''stem suopiies vacer :or r'ire
righting and flushing or toilets
and open drains. Areas outside
the seawater svsten depend on
"grav water" wasceuacer from
other household uses) as their
source :: water :or flushing
teilecs or irrigation. Where
aquifers vield significant water
•o wells '.0 gai.'rin or more)
:hese ire also rapped as a
source of water, even if saline,
as :eed -or reverse osmosis
•:nits or for flushing.

Bottled water produced
Locally or imported is an
iaportant drinking water source.
3ottled water ccsts approximate-
ly SI.25 per gallon. In 1979
importation of bottled water was
estimated at 1,600 gai/d (Peebles,
1979). There are no reliable
figures for current imports.

Publlc-W»t»r Supply

Production of desalinated
water during the study period
averaged 2.4 million gallons per
day (Mgal/d). Only about 0.9
Mgal/d (38 percent) was accounted
(revenues from sales) by the
VIFWD. About 1.5 Mgal/d was
unaccounted for as previously
indicated. A recent Investiga-
tion showed that leakage la the
distribution system represents
30 to 40 percent of the total
losses (CH2M Hill Southeast,
1983).

The production of desalina-
ted water for public supply
Increased to a peak of about 2.4
Mgal/d in 1973, declining
thereafter to less than 0.6
Mgal/d In 1980. Since 1981.
WAPA has Installed three new
desalination units with a tool
raced capacity of 3.1 Mgal/d.
At present only two unit* are
being operated. Full production
capacity will be required when
the East End Transmission System
becomes operational (fig. 6).
This distribution system was
constructed in 1977 but has not
been utilized.

Water pumped to the
seawater distribution-system
averages 1.0 Mgal/d. Only about
0.3S Mgal/d of this amount Is
accounted for at the public
sewage treatment plant serving
Charlotte Analie. The remainder
may be lost through leaks in the
seawater-distrlbution system.

However, . -r-.r-s scora -.rains :r.
Charlotte .zaiie ire
continuous.' :'.ushed :o :r.e
ocean bv tors :r?n :.-.e seawacer-
distribucion bvscen. Discnarze
fron two or these taps were
measured and had an average flow
of 0.08 >'eai/cl each. rive :'
these caps would account for •
of the unaccounted r'low..

The cost of pocable water
Co WAPA rrora cne aesaiination
units is laouc S9.00 per
chousanc _-,ilions ' S9.00/l(gai) .
This dees r.oc ir.clude amortiza-
tion coses ct che desalination
units (Ajayi and Comez, 1983).
The accuai costs charged '•'
VIPWD Co consumers connected Co
che distribution systen is
S14/kgal (VIPWD personal communi-
cation, 1?S4).

G»nur»tion
Thermceiectric-Power Gene-

ration is che largest single
water use category in St.
Thomas. Total use was about 67
Mgal/d. This was essentially
seavater, except about one
percent freshwater obtained
directly from the desalination
plant for boiler feed.

OonM*f/c S»lf-Suppll»d • Rtlntmll
About two-thirds of the

population in St. Thomas is not
served by the potable public
water supply distribution
system, and thua classified as
domestic self-supplied. Rain-
water collected from rooftop
catchment systems and stored in
cisterns, and withdrawals from
ground water are the sources for
domestic self-supply. Estimated
water use for this category was
about 0.7S Mgal/d. Of this
amount, 0.60 Mgal/d (80 percent)
was supplied from rainfall.
This indicates that rooftop
cstchswnts are a major source of
water for most private homes
especially in the more humid
areas of the Island (fig. 7).

Virgin Islands law requires
all dwellings, apartments and
hotels to have a minimum cistern
storage of 10 gallons for each
square foot of roof area for one
story buildings, and IS gallons
for each square foot of roof
area for two or more story
buildings. All other buildings

68*00'
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ire recuirea to nave cisterns
• ith a minimum useaole capacitv
af -"s gallons per sauare foot ii
roof area except churches and
warenouses, which ire not
required tc conform to this
standard (Jordan and Cosner,
1 . A comparison of yields
b^^.en rooftop-rainfall catch-
ments at a high rainfall (Doro-
thea) and at a low rainfall area
(Red Hook), was made using data
from July 1983 to June 1984.
The comparison was made for a
family of four using 25 gallons
per capita per day (25 gpcd^
with a roof area of 1.000 ft
and an initially full cistern
(10.000 gal). The family would
have required the services of a
water hauler only once If they
lived in the Dorothea area, and
twice if they lived in the Red
Hook area. Rainfall could have
supplied about 50 percent of the
total water needs in the Dorothea
area, but only 31 percent at Red
Hook..

The cost of water produced
by household roof-top cistern
systems is estimated at $17 to
S19/kg«l (CB2M Hill Southeast,
1983). The major cost is
associated with construction of
a cistern.

Doimitlc S«ff-S«ppM«d -
Ground Wafer

Ground water withdrawn for
domestic self-supplied use was
about 0.15 Hgal/d. Ground-water
< trawals by the Virgin
*̂ _,nds Housing Authority (VIHA)
was estimated at 0.10 Hgal/d.
An additional 0.05 Mgal/d was
used by other domestic self-
supplied users.

Ground water for domestic
use is available in nearly all
parts of tne island. There are
only a fev areas where yields to
wells are large enough to warrant
the development of public
supplies. Ir their study.
Jordan and Cosner divided the
island into five ground-water
areas according to their poten-
tial yield and water quality
(fig. 8). The potential yield

dr.a wa_e: ^ua_.;. ..; cnese areas
are lisitac 3;.- excessive depth
:; water, seawater intrusion,
waste-water contamination, and
contamination fron seawater
mains.

Commercial Stlt-Supplied
Condominium and hotels

used about 2.0 Mgal/d of saline
water. This is used principally
for cooling, flushing toilets,
and swimming pools. Small
desalination plants produce
about 3.1 Mgal/d freshwater.

About 0.2 Mgal/d of the
commercial vater-use is ground
water. This is used mostly for
flushing toilets. In some
areas, where che ground water is
of good quality, the waste water
is used for irrigation of lawns
(Mahogany Run). However, most
of the commercial facilities are
located near the coast and pump
saline-ground water.

Water haulers supplied an
estimated 0.07 Mgal/d of desalin-
ated water from the VIFVD
standpipes to commercial users.
The average price of vater
delivered by water haulers Is
S55/kgal (AJayl and GSMS-GdiMZ.
1983). An estimated amount of
0.05 Mgal/d was obtained from
rooftop rainfall catchments.

Public Wfttt-Wmttr Tr»mtm»nt
There are seven public

waste-water treatment facilities
in St. Thomas (fig. 9). The
airport plant, serving Charlotte
Amalie, discharges about 0.5
Mgal/d to the ocean. Instantan-
eous flow rates measured in June
198t ranged from 0.16 to 1.4
Mgal/d (fig. 10). Specific
conductance measurements indica-
ted that about 70 percent of the
effluent was seawater.

The other six waste-water
treatment plants serve mostly
public-housing projects. These
discharge about 0.20 Hgal/d to
stream? and the ocean.

SOURCE, DISTRI

(a. Seewater Intake at t»a raermoefoefrlc
Paver Htmt at Krum fey CS»» fesoj.

FlOUat «d. O»m»ulc **d commtrclfl uaert at
Ckarfefte Amtll* area.

D

Aree served
Pipeline installed but net
operational as of July 1M4.
Area* not served

0 1 2 3 4 MILES

a. Area* lervetf «r !•• frea*-vater dlitrlbutlan (yttem.

FJOUItf T. 4*ora«e-aMM< itlmltll, I* !«»••
!fr»fft»a fty *.J. Ca<rea*w>. IHWt) HOAA.l
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DATE:

^OBJECT:

FROM:

TO:

JAN 06
UNITED STATEb ENVIRONMENTAL PROTECTION AdcNCY

REGION II

Preliminary Assessment and Confirmation of Authorization of
CERCLA Removal Action Monies for the TUTU Well Site, Anna's
Retreat, Saint Thomas, U.S. virgin Islands - ACTION MEMORANDUM

Carlos E. O'Neill
On-Scene Coordinator

Stephen D. Luftig, Director
Emergency and Remedial Response Division

THRU: George H. Zachos, Acting Chief
Response and Prevention Branch

I. EXECUTIVE SUMMARY

— On July 15, 1987, Mr. Allan Smith, Commissioner of the
Department of Planning and Natural Resources (DPNR), U.S.
Virgin islands, verbally requested that the U.S. Environmental
Protection Agency (EPA) provide analytical support in the
sampling of one well which was reported to exhibit a strong
unpleasant odor. This well is a major source of commercially
provided potable water supply for the eastern portion of St.
Thomas. The well is located on the eastern part of the island
in the Tutu Section of Anna's Retreat./ This verbal request
was followed by an additional request for EPA to assume the
role of Lead Agency after sampling results indicated that

^_ several commercial wells were found to be contaminated with
hazardous substances. This verbal request was followed by a
formal request in writing by DPNR on August 10, 1987.

In July and August of 1987, EPA confirmed by sampling and
analysis, the contamination of groundwater with volatile
organic compounds. A major contaminant in the groundwater is
tetrachloroethylene (TCE). The EPA 10-Day Health Advisory
Level of 175 ppb was exceeded in three (3) of twenty four (24)
wells sampled, with two of the three contaminated wells being
private residential wells.^The concentrations found ranged

__ from 240 to 7,600 ppb with seven (7) additional wells being
below the EPA 10-Day Health Advisory, but above the U.S. virgin
Island's interim maximum permissible concentration levels set
on September 1, 1987, by DPNR for volatile organics in drinking
water in the Turpentine Run Aquifer (50 ppb for a single com-
pound or 100 ppb for total volatile organic compounds). Three
of the previously mentioned seven wells were residential wells.
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This Action Memorandum will document funding authorized for
Phase I of the Tutu Well Site CERCLA Removal Action. Phase I
addresses only residences having contaminated drinking water
wells with volatile organic compounds above levels established
by the U.S.V.I.'s interim maximum permissible concentration
levels for potable water. This action did not include wells
where water is used primarily for commercial, business,
industrial and/or trade purposes. It also did not include
wells contaminated solely by gasoline or gasoline by-products
which are not hazardous substances within the definition of
Section 101(14) of CERCLA. This action includes the decontam-
ination and cleaning of residential cisterns contaminated
by hazardous substances, the modification of plumbing, the
delivery of water by tank trucks as a temporary alternate water
supply, and a well water monitoring program. The total project
ceiling authorized for a 52-week period is $100,000 of which
$40,000 is estimated for mitigation contracting; $45,000 for
TAT's extramural costs; and $15,000 for EPA's intramural costs.

This memorandum will confirm your prior verbal authorization
of Trust Fund monies, issued to the Chief, Incident Response
and Prevention Section on September 1, 1987, to initiate the
removal action at the subject site, and subsequently revised
to the current project ceiling of $100,000.

II. BACKGROUND

A. Historical Information

A request for EPA analytical support for one well in the Tutu
Section of St. Thomas was made verbally on July IS, 1987 from
DPNR. On July 31, 1987, a verbal request for EPA to assume
the role of Lead Agency was made, and this was followed bv a
written confirmation of the request, dated August 10, 1987
(received by the Emergency and Remedial Response Division on
August 19, 1987). The initial request was based on a report
that one well was reported to have a strong odor, characteris-
tic of a petroleum product. This well is a major source of
commercially provided potable water for.the eastern portion of
the island. VIVA'S preliminary investigation commenced on July
21, 1987, with a field reconnaissance and sampling of this one
well and six additional wells identified in the immediate area.
Several of these wells are also major water suppliers of public
drinking water to the eastern part of the island.
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Laboratory results from this survey indicated that the initial
well was highly contaminated with gasoline and chlorinated
organics, and the additional six wells contained elevated
levels of chlorinated volatile organic compounds. «3ased on
these results, DPNR declared that an imminent health threat
existed, which could affect approximately 20,000 people living
in St. Thomas.

In addition, an indefinite number of tourists who vacation in
St. Thomas were at risk since these commercial wells supply
water to major hotels and restaurants. DPNR issued orders to
close these seven commercial wells to protect public health.

^Subsequent to this action, SPA expanded their sampling plan
due to the threat of greater contamination to drinking water
wells in the area. EPA along with DPNR, identified other
wells within the Tutu Water/Turpentine Run Aquifer which nay
be impacted by the hazardous substances identified to be pres-
ent in the groundwater. A second round of groundwater well
sampling took place on August 10 and 11, 1987, which included
a total of twenty-four (24) wells identified in the Tutu
Section of Anna's Retreat. All twenty—four wells were sampled
and analyzed for volatile organic compounds. Following these
results, DPNR 'closed the five private wells which service two
three-family homes and one apartment building housing twelve
studio units.

B. Site Setting/Description

The contaminated wells are located in the Tutu Section of
Anna's Retreat, St. Thomas, U.S. Virgin Islands. The five
(5) private wells recently ordered closed are located in the
Tutu residential area. At the present time, the affected
area is not serviced by any public water supply. EPA sampled
a total of twenty—four (24) wells in the Tutu area and found
five private wells and eight (8) commercial wells seriously
contaminated with up to 7,600 ppb of PCE. (See map attached).

C. Quantity and Type of Substance Present

EPA sampled and analyzed for suspected volatile organic com-
pounds on July 22 and August 10, 1987. Listed below are the
maximum concentrations of the hazardous substances identified
in the drinking water wells:
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Maximum Statutory Source of
Concentration Hazardous Substances

Contaminant Found (ppb) under CERCLA

Tetrachloroethylene 7,600 clean Water Act
Section 307(a)

Trichloroethylene 61 Clean Water Act
Section 307(a)

Benzene 1,400 Clean Water Act
Section 307(a)

The results of the sampling are contained in Tables I and II.
PCE contamination ranged from non-detectable to seven thousand-
six hundred parts per billion (7,600 ppb). Sampling results
adequately document 3 wells with contamination above EPA's 175
ppb PCE 10-Day Health Advisory Level and eight (8) wells above
the DPNR's interim standards for maximum contaminant levels of
volatile organic compounds in drinking water.

III. THREAT

A. Threat of Public Exposure

Direct contact with PCE may cause eye and nose irritation
along with dry scaly and fissured dermatitis. Acute exposure
through absorption, inhalation or ingestion, may cause central
nervous system depression, hepatic injury and anesthetic death,
PCE has been found to be carcinogenic.

This is a case of actual contamination in excess of the EPA
175 ppb PCE 10-Day Health Advisory Level for a three-family
house and one apartment building housing twelve studio units.
In the other three family apartment dwellings, the well con-
tamination exceeded the interim DPNR drinking water standard
of 50 ppb for any single volatile organic constituent. in
addition to the exposure via consumption of the water, or
eating food prepared with this water, showering with water
contaminated with volatile organics can contaminate the air to
significantly unhealthy levels.
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The location, direction and dimensions of the plume are af-
fected by variations in water table depth, rate of pumping
of the wells, duration and intensity of rainfall, and inter-
mittent releases of chemicals from one or more sources, all
of which are unknown at this time. Given the above variables
which affect contaminant strengths in any well within the
plume may vary randomly.

On September 2, 1987, DPNR issued three (3) orders to close
wells and issued two (2) advisory letters to homeowners not to
use well water for drinking, bathing and washing.

B Evidence of Extent of Release

Investigation, sampling and analyses by EPA have identified
contaminated groundwater, as described above, and containing
contaminates, as described in Tables I and II.

C. Previous Actions to Abate Threat

No mitigative action was taken by any Potentially Responsible
Party prior to EPA's recent activities.

D. Current Actions to Abate Threat

•J EPA has commenced an investigation of the Tutu Water/Turpentine
Run Aquifer by establishing a cooperative agreement with the
U.S. Geologic Survey to define the characteristic* of this
aquifer and to determine the extent of contamination. EPA and
DPNR have also completed Aquifer and a monthly well monitoring
program is being developed.

•7 DPNR has issued a total of ten (10) orders/advisories to well
owners to close sixteen (16) wells.

A local dry-cleaner has been identified as using and storing
PCE. Handling, storage and disposal practices from this
facility are unknown at this time. DPNR has proposed to issue
an advisory to local dry cleaning establishments instructing
them to properly store and hold all waste for proper disposal
by an industrial waste hauler. VDPNR with the assistance of EPA
is conducting an assessment of at least nine (9) facilities
identified to be potential sources of hazardous waste and/or
substance releases in the Tutu area.
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EPA has cleaned the homeowner's cisterns that have been contam-
inated by hazardous substances from the groundwater, modified
the existing home plumbing to terminate well connections, and
intends to continue to deliver clean water via tank trucks on a
regular basis, and establish a surveillance program for all
wells in the area by a monthly groundwater monitoring program.
This Phase I, short-term removal action will mitigate the threat
to public health by providing a temporary alternate source of
water for affected consumers.

IV. ENFORCEMENT

The contaminant plume is generally believed by both OPNR and
EPA, to have its source from past and present improper handling
and disposal practices of organic solvents, possibly from dry
cleaners and auto repair shops operating in the area. This site
has been referred to the Site Compliance Branch for enforcement
action. An attorney and enforcement project officer have been
assigned to this case. EPA issued Request for Information
letters to all Potentially Responsible Parties.

V. PROPOSED PROJECT

A. objective of the Phase I Removal Action

The primary objective of the Phase I of the removal action is
the mitigation of the threat to public health by providing a
safe potable water supply to the affected residences.

Two three-family homes and one apartment complex housing
twelve studio units were identified as being dependent on
groundwater from their own private wells. Their respective
wells were ordered closed-down by DPNR for exceeding interim
drinking water standards.

To reach the objective of providing a safe interim drinking
water supply and protect the health of the public at risk, the
following removal action was initiated. water storage cisterns,
which received contaminated groundwater from affected wells,
were cleaned and sanitized. Cisterns were filled with clean,
safe, drinking water. water tank trucks from local water haul-
ers will be providing water for the affected cisterns on a reg-
ular basic. Plumbing modification was made to disconnect water
lines from the contaminated wells which provide groundwater to
the cisterns.
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An attempt to connect well water directly to toilets for flush-
ing will be made, if physically and economically feasible.
A well surveillance program will be implemented involving all
the wells in the Turpentine Run Aquifer, thru monthly sampling
and monitoring.

The longer term, Phase II objective will reguire the provision
of a permanent alternate water supply in lieu of the temporary
trucking of water to the threatened consumers within the plume
area. Upon completion of an analysis of the alternatives for
permanent water supply to these residences, a recommendation
will be made for Phase II.

B. Project Estimated Costs

Water consumption per person per day on the average is thirty
(30) gallons. it is estimated that the one apartment building <-
has twelve studio units with the average of two people per unit.
The two other private homes are three-family dwellings with the
average of ten people in each. The cisterns in the three family
houses are small and, therefore, a supply of water must be deliv-
ered every two or three weeks, respectively. The delivery period
is currently estimated to be one year or when a permanent alter-
nate water supply can be provided, whichever occurs first.

PROJECT COST (PHASE I)

Cisterns Clean-Up;

Provide labor, material and equipment
including one vacuum truck, pressure water
spray guns, water tank truck, etc., to
drain and dispose contaminated water and
to clean and sanitize identified cisterns....... $13,000

Modification of plumbing including
Labor and Materials............................. $ 5,035

Refill cisterns with clean and safe drinking
water........................................... $ 2,665

Provide cisterns with clean and safe drinking
water on regular basis according to a pre-
approved schedule............................... $15,000

Contingency (10%)............................... $ 4,300

Total Mitigation Cost................. $40,000
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Extramural TAT Cost

TAT Monitoring and sampling program
(Including travel and per diem )................. $35,000

TAT Technical and administrative
support (including travel and per diem )......... $10.000

Total TAT Cost $45,000

Intramural EPA Cost

(Including travel and per dien )..................$ 15 , 000

ESTIMATED TOTAL PROJECT COST. .........$ 100 , 000

This figure represents the estimated total for Phase I. It
could be reduced significantly, if a reliable and permanent
alternate water supply is found sooner than the proposed
52-weeks delivery period; might be increased, depending upon
the identification of new drinking water wells found to be
contaminated with hazardous substances within the affected
area.

C. Project schedule

Project initiation of cistern clean-up and safe water de-
livery has already been implemented based on verbal funding
authorization. Safe water delivery period is currently
estimated not to exceed one year or when a permanent alternate
water supply can be provided, whichever occurs first.

V. RECOMMENDATIONS

Conditions at the Tutu Well Site meet the requirements of
Section 300.65 of the National Contingency Plan ( NCP ) for a
CERCLA/SARA removal action. EPA has determined that there is
a threat to public health at the site (Section 300 .65 (b) ( 1 ) .
This determination was based on:

1) HMMB exposure to unacceptably high levels of acutely
totfie substances (Section 300 .65 (b) ( 2) ( i) , and

2) Co»t«»in«tion of drinking water supply (Section 300.65

UJT
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The resident population at risk currently relies
well water as their source of potable water.

on orivate

This removal action complies with
as amended by SARA, in that it is
performance of long-term remedial
interim supply of potable water to
water supply can be secured.

Section 104(b)(2) of CERCLA,
consistent with the efficient
measures, by providing an
the public until a permanent

This is a written confirmation of the initial and revised verbal
approval of up to $100,000 for the total project ceiling estab-
lished on September 1, 1987, by the Director of the Emergency
and Remedial Response Division to the OSC for the CERCLA removal
action at the Tutu Well site. The mitigation contracting ceil-
ing is estimated at $40,000, with an additional $45,000 for TAT
costs, and $15,000 for EPA costs.

Your authority to authorize these funds is pursuant to Deputy
Administrator Alvin Aim's memorandum of Delegation Number 14-lA
dated April 15, 1984, and Richard Dewling's Redelegation order
R-ll-1200.6 of August 29, 1984

APPROVAL: £̂>L 0 DATEi

DISAPPROVAL! DATE:

cc: (after approval is obtained)

C. Daggett, 2RA
R. Salkie, 2BRR-DD
S. Luftig, 2ERR
G. Zachos, 2ERR-RP
B. Sprague, 2BRR-RP
J. Czapor, 2ERRD-SC
G. Pavlou, 2ERRD-NYCRA

J. Marshall, 2OEP
P. Gelabert, 2CFO
R. Gherardi, 20PM-PIN
T. Sullivan, PM-214P (EXPRESS NAIL)
T. Fields, WH-548B
P. McKechnie, 216
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ABSTRACT

St. Thomas, with an area of 32 square miles, is the second
largest of the Virgin Islands of the United States. The island is
-ountamous, and slopes commonly exceed 35 degrees along a
central ndge 800 to 1,200 feet high running the length of the
island. The general appearance is a panorama of numerous steep
mterstream spurs and rounded peaks.

The island is made up of rocks of Cretaceous age, mostly
volcanic flows and breccias. A thin limestone and tuffaceous
wacke complete the sequence of major rock types. All the rocks
have been tilted and dip about 50 degrees north.

Water in Charlotte Amalie, the capital, is supplied by
sea-water desalting and water barged from Puerto Rico and is
augmented by hillside rain catchments and individual roof catch-
ments. Rainwater augmented by water hauling and a few wells
is the source of water for the rural areas.

Streamflow is meager—2 to 8 percent of the annual rainfall—
and is predominantly storm runoff. Runoff after rainstorms seldom
exceeds 5 percent of the rainfall. Runoff is rapid, however, and
flash floods occasionally occur.

Test drilling has shown that water can be obtained from
fractured volcanic rocks in nearly all parts of the island. Wells
will yield, generally, less than 1,000 gpd (gallons per day). In
the upper Turpentine Run Valley and the Lovenlund Valley, short-
term yields of individual wells are as great as 100 gallons per minute.
Estimates of potential yield from these areas are 300,000 and
100,000 gpd, respectively. Two smaller areas—Long Bay and
Lindberg Bay on the outskirts of Charlotte Amalie have estimated
ground-water yields of 70,000 and 30,000 gpd, respectively. Fully
developed, the surface- and ground-water resources of the island
could yield 1.3 million gallons of water per day.

Ground water is slightly saline, commonly containing more
than 1,000 milligrams per liter dissolved solids. The principal
source of the minerals is bulk fallout of sea- and land-derived
dust from the atmosphere. Solution of minerals from the rocks of
the aquifers is the second largest contributor. Nitrate and some
of the bicarbonate content of the water is probably derived from
vegetation and animal and human wastes.

i I...! I

Surface water is similar in mineral content to ground wau»
during base flow.
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A S U R V E Y C F T H E W A T E R R E S O U R C E S O F

S T . T H O M A S , V I R G I N I S L A N D S

cy D. G. Jordan and C. J. Cosner

LOCATION AND GENERAL SETTING

Location

The Virgin Islands, forming part of the Antilles
Island Arch separating the Caribbean Sea from the
Atlantic Ocean, are about 1,400 miles southeast
of New York and almost 1,000 miles east southeast
of Miami. St. Thomas, the northwesternmost
island, lies about SO miles east of Puerto Rico

(f ig. 1 ) .

St. Thomas is the second largest of the more
than 50 islands and cays constituting the Virgin
Islands of the United States. The island is
approximately 14 miles long and 2 to 3 miles
wide and has an area of 32 square miles. Lying
within a few miles of the coast are nearly 40
smaller islands, ranging in area from slightly
less than a square mile to a few hundred square
feet.

ATLANTIC OCEAN

*» «~^ A"
*<&?

| ST THOIMSI
^_7 "

CARIBBEAN S E A

Figure 1.—Location of the Virgin Islands of the United States.
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Population limate

3t. Thomas has about 17 ,000 permanent resi-
dents ana a transient population of tourist and im-
ported laoorers of about 8,000. The majority or
:.-.e copulation is urban — aoout 2 0 , 0 0 0 people live
..-. Charlotte Amal ie . the only city and also the
seat of government of the Vi rg in Islands. The
permanent population is increasing rapidly and is
expected to douole by 1980 ( unpuohshed data,
V . I . Planning Board, 1964) .

Topography

The land surface is almost entirely sloping and
extends seaward from a central ridge, 800 to 1 ,200
feet high, running the length of the island. The
slopes, which commonly exceed 35 degrees, are
dissected by numerous stream courses of steep
gradient. The general appearance is a panorama
of steep interstream spurs and rounded peaks.
Flat land is confined to the Charlotte Amalie area
and a few small alluvial-filled embayments. The
only variation in the general topography is in the
upper valley of Turpentine Run in eastern St.
Thomas. The valley has relatively gentle
topography consisting of roiling hills in a basin
surrounded by steep slopes and sharp ridges.

Land Cover and Use

At one time almost all the land, including that
characterized by steep slopes, was under cultiva-
tion, primarily for grazing or growing sugarcane or
cotton. Agriculture, however, has declined
almost to extinction. A few square miles of land
are still devoted to grazing in the eastern part of
the island, and about 10 acres are used for truck
gardening in the north central part. The remainder
has been allowed to revert to brush and secondary
forest.

Now, land usa 1» changing rapidly, much of it
brought on by the jet age and its rapid mass trans-
portation. Increasing population, in part caused
by development of the Island as a retirement haven
and by tourism, results in more land being used
for urban and suburban development. The increase
in population not only makes new demands upon
the water supply, but also the changes in land use
could very well affect the available quantity and
quality of the water resources.

The average annual rainfal l is about 45 mcnes
and the average temperature is only 80° F, but the
prevailing impression of the cumate is one of
dryness , especially in the winter. This is espe-
cially true of the east end of the is land, where,
because of orographic effects, rainfall is only
about 80 percent of that elsewhere.

Ram is seasonal, nearly half fa l l ing between
August and Novemoer. February and March are
the driest months and September and October tne
wettest. Most of the ram occurs as short,
intense showers lasting but a few minutes. Rams
exceeding 1 inch, with accompanying overcast,
cloudy skies, come but six or seven times a year.
Thus , there are few days when the sun does not
shine.

Although major rains are rare, their volume is
noteworthy. Tne greatest rainfall of record was
18.0 inches September 13-14, 1928, during a
hurricane. The last great rain in recent years
was 10 . 6 inches May 8 , 1 960 , the result of a
stationary tropical depression.

The Island lies in the path of hurricanes and
occasionally receives heavy rains and high winds
from passing storms. The incidence of direct hits
is low — damaging storms having a frequency of
about one every 33 years. The last hurricane to
cause extensive damage was in September 1928.

The direct rays of the sun are very hot, but air
temperature is modified by the almost constant
trade wind. Air temperature (table 1) ranges from
a mean low of 72 .0*F in February to a mean high
of 87 .8* F in August. The highest daily temper-
ature of record was 95° F and the low, 63° F.

The prevailing wind direction is from the east.
Northeast and southeast winds are relatively
common, but west winds are rare. Monthly
average wind velocity during 1953-58 at Harry S.
Truman Airport is given in table 1 . A wind rose
for the same period is shown in figure 2.

Relative humidity is high owing to the proximity
of the sea. At Harry S. Truman Airport dunng
1953-58 relative humidity was highest, averaging
81 percent, m the early morning hours, and lowest,
averaging 66 percent, in the early afternoon.
Average daily humidity is given in table 1 .
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EX PL A N A T I O N

ALLUVIUM-Si l t , cloy, and thin, discontinuous beds of sand ond grave l
Includes beach sand Estimated maximum thickness 50 (I

TUTU FORMATION-Tuffaceous conglomeratic mixture derived f rom older
rocks Contains some limestone, especially near the top Maximum thickness
greater than 6,000 ft

OUTER BRASS LIMESTONE-Thin-bedded siliceous limestone and a few
thin beds of tuff Estimated maximum thickness 600 ft.

LOUISENHOJ FORMATION-Water-laid luff , breccia, and a few thin beds
of limestone Maximum thickness known 13,000 ft

WATER ISLAND FORMATION-Lava flows, flow breccia, and water- la id
tuff intruded by dikes and plugs Maximum thickness greater than 15,000 ft

Contact

Inferred fault, dotted where concealed

Figure 3.—Geology of St. Thomas.



Geology

The general geology of St. Thomas i f :? . 3) has
been studied for many years, but only recently
-ave the geologic formations been named and
described ;n detail ( Donnelly, 1960, 1 9 6 6 ) . The
.-.ames of geologic formations used m this report
are after Donnelly. The names nave not oeen
adopted oy the U.S. Geological Survey.

The volcanic and sedimentary rocks of St.
Thomas are of Cretaceous (and older?) age. The
oldest rocks, those of the Water Island Formation
of Donnelly (1960) are predominantly lava flows
and flow oreccias deposited at great depth on the
sea floor. Uplift and subareal erosion followed
deposition.

The Louisenho) Formation overlying the Water
Island Formation was extruded from a volcanic
center probably sited in what is now Pillsbury
Sound between St. Thomas and St. John. Near the
presumed location of the volcanic onflce the rocks
are mostly very coarse reworked cone debris.
Farther from the orifice, coarse material lessens
and tuffs predominate. Near the base of the
Louisenho) Formation is a conglomerate composed
chiefly of rock from the Water Island Formation.

The Outer Brass Limestone was deposited on the
flanks of the Louisenho) volcanic cone during a
penod of volcanic quiescence. It consists of 200
to 600 feet of thin-bedded graphitic slllcifled
radlolarian limestone and a small amount of
Included tuffaceous material.

The Tutu Formation, the youngest rock exposed
on St. Thomas proper,is composed almost entirely
of angular debns derived from the Louisenho)
Formation and minor limestone debris from thin
limestone deposited contemporaneously with the
Tutu Formation.

The rocks were subsequently tilted to form a
northward-dipping homocllne. Dips range from 15
to 90 degrees and avenge about SO degrees.
Locally the formation! ere overturned.

The permeable zones that these rocks once may
have had after deposition have been destroyed by
metamorphism or by deposition of minerals in pore
spaces. Ground-water movement is now limited
to openings along joints and fault zones. The
homoclinal structure is cut by sets of faults trend-
ing N 45° W, N 55" E and north. Three well-
defined joint sets parallel each of the major fault

directions. The valleys of the island nave
similar -Tends and are apparently the result of
selective erosion of rock weanenea by faulting
and jointing. Prime zones of ground-water
availability, therefore, follow the valleys.

Small alluvial deposits ranging from
Pleistocene (?) to Kolocene in age ue in the
valley of Turpentine Run m east-central St.
Thomas and the larger coastal embayments.

The alluvium of Turpentine Run lies in a narrow
band seldom more than 200 feet in width along the
stream. Maximum thickness of the alluvium is
about 40 feet. Most of this alluvium, which is
composed of silt, fine sand, and clay and contains
discontinuous beds of sand and gravel 2 to 3 feet
thick, lies in the Mt. Zion-Tutu area of the upper
basin and in the narrow valley from Mariendal to
Mangrove Lagoon in the lower basin. The
alluvium extends out under the lagoon near the
mouth of Turpentine Run. Although composea pre-
dominately of fine-grained material, the alluvium
readily infiltrates streamflow when the ground-
water level is below the base of the stream. As
such, the alluvium forms a readily rechargeable
aquifer, although it is of small extent and yield.

Some coastal embayments headed by intermit-
tent streams contain small deposits of alluvium
similar to that of Turpentine Run. Maximum
thickness of these deposits is estimated to be 50
feet, and their areal extant seldom is greater than
a few acres (an exception being the Long Bay and
Airport areas near Charlotte Amalie). Near the
sea, the alluvium interflngers with calcareous
sand and at times contains lenses of mangrove-
swamp deposits. Therefore, the deposits are of
minor significance as sources of water.

OCCURRENCE AND MOVEMENT OF WATER

Water mover through a cyclic pattern—the
hydrologic cycle—in which there are three storage
areas : the sea, the land, and the atmosphere.
On the land, surface water and ground water
depend on: (1) the amount, intensity, and areal
extent of the rainstorms: ( 2) the slope of the
land; ( 3) the moisture content of the soil and
vegetal cover ( 4) the infiltration capacity of
the soil and underlying rocks; and ( 5) the size.



numoer, and interconnection zi openings ;.-. :~e
a q u i f e r .

R a i n f a i i

~am :s the ;r..y n a t u r a l source of f resn water
•; repienisn tr.e water resources o: :r,e i s l and .

' . a infa l l \s seasonal , v . - i t n the r a iny season in
.ate summer ana early tail ana a seconaary wet
season usually in May . .'."early naif the ram tails
raring August-Movemoer ( f i g . -i '. Ra ins exceea-
;ng 1 inch in 24 hours come six or seven t:rr.es a
/ear. Pour to 15 inches of rain fal ls in a 48-hour
period aoou: once every 2 years in large storms.
These rains can occur in any month but are more
likely during the nurncane season I August-
X'ovemberi . About naif the time annual r a in ra l l is
oetween 40 ana 50 inches i f i g . 5). less man 10
cercent of the time annual ra infa l l is less than 35
incnes, wmch usually means a ma jo r aehciency
during the normal wet season and drougnt.

The cumulative departure from average and the
10-year running average of rainfall shown in figure
6 shows that at this time of writing (1 967 ) the
island may be entering a period of deficient rain-
fall. With the exception of a few years in the late
1940's and early 1950's, rainfall in the past 30
years has been below average. There has been a
long-term decline of about 10 inches in annual
rainfall since the peak of the surplus rainfall
period in the early 1930's. The most severe
droughts of record occurred in 1964 and 1967 ,
wnen but 27 and 24 inches of rain fell, respec-
tively.

-real distribution of long-term rainfall, shown
m figure 7 ( see letter "a "), is controlled by topo-
graphy and the prevailing easterly to northeasterly
winds. However, individual storms may or may
not show the effects of orographlc control or pre-
vailing winds and the areal distribution of the
storms can be very irregular ( f i g . 7 — letters "b"
to " f " ) .

Soil Moisture

The soil zone over most of St. Thomas is not
more than 1 foot thick. Where of sufficient thick-
ness it has, however, the unique property of
absorbing large volumes of water—as much as 12
inches in 24 hours ( R. Scott, SCS, oral commun. ,

1 9 6 3 : . domination o: tne soil ;or.e wren orv
sncws it to ce coarse iv ^ ra r .u i a r . ;•.-.•;n^ t : C.^.T.C-
.r.g o: o:ay ana silt oarucies. f-oicnoea satura-
tion :s necessary oetore tr.e .iranuies crea< down ,
-s a r e s u l t , t.-.e s:u "as a r.i^n cerrr .eaoi i i tv j.-.tii
well saturatea. ou t . once saturated. .: oecomes
poorly perrr.eaole ana r e t a ins water .n t.-.e core
spaces cetween cart ic;es ana reiects j.-.v excess.

. oservaacr.s o_nr.^ ra ins to rms i-.cicate t n a t
the typical sou rone w i l l aosoro acout J .ncr.es
;f water oefore some water is reiectea or rr.oves
to tne underlying pearoc*. f - i l l y s a t u r a t e a , tr.e
soil w i l l procaoly retain 3 incnes o: wa te r per root
of aepth.

The capacity of the soil to noid large volumes
of water, together with infrequent ~o|or ra instorms
and a hign evapotranspiration rate , seriously
reauces .jrouna-water recnarge ana storm runoi f .

Evapotranspiration

Most of the water trapped in the soil zone
returns to the atmosphere by evaporation or tran-
spiration by plants (evapotranspiration). On St.
Thomas this process is active throughout the year,
and 90 to-95 percent of the rainfall is returned to
the atmosphere. The tendecy of the soil to granu-
late is also conducive to evaporation. As water
is evaporated from the surface cf a saturated tight
soil, the soil again becomes granular and exposes
the soil at depth to the circulation of a i r . Con-
sequently, further rapid evaporation of soil
moisture results.

Transpiration is a major means of water loss
from the soil zone and also from the upper part of
the aquifer, if the water table is near the land
surface. Grasses and shallow-rooted plants can
transpire water only from the upper few feet of the
soil zone, but many kinds of trees, such as deep-
rooted false tamarind, transpire water from depths
of more than 20 feet.

The effects of evapotranspiration may be seen
in the channel of Bonne Resolution Gut below the
gaging station. The gut flows in a predominantly
bedrock channel a few feet wide for about 1, 500
feet before reaching the alluviated embayment at
Dorothea Bay. Base flow of the stream, when less
than l O . O O O g p d (gallons per day) , disappears in
this reach. The loss is attributed principally to
transpiration by the dense growth of brush and
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trees ^ordering tne stream, f.-a.r. t.-.e ^cpearance
::' tne vegetation in a dry period, ;.-uy :.-.e vegeta-
t ion m a strip anout 100 feet wide w i t n a :otal area
:f about 3 acres benefits from tne s t ream. ~
min imum water less of 10, 000 gpa. ;. 6 million
;allor.s a n n u a l l y , would indicate =n »vaootransoi-
r a t i o n rate of 1 .: sillier, gailcr.s =er acre -er year ,
;r -44 .r.cnes.

Bowden i 1 3 6 8 ) computed .mcntnly potential
evaporation ana soil-moisture deficiency at six
stations on St. C.-oix using the metnoa cevisea by
T . .V . Thornthwaite. Potential evaporation ranged
from 58 to 69 inches and averaged 62 mcnes per
/ear. Actual evapotranspiration (derived from
potential evapotranspiration and change in soil
moisture) ranged from 41 to 46 mcnes and averaged
43 inches per year. Bowden's data shows a soil-
moisture deficiency 9 to 11 months of the year at
the different stations. Surplus soil moisture
occurred only in the months of Septemoer to
N'ovember. The authors oelieve that conditions
are similar in St. Thomas.

Stream flow

The S to 10 percent of rainfall not returned to
the atmosphere by evapotranspiration from the soil
zone eithar recharges the ground-water reservoir
or runs off to the sea. Annual runoff in a time of
average rainfall ranges from about 2 to 8 percent
of the rainfall.

Most stream channels on St. Thomas are dry and
carry only storm runoff. Only two streams on the
island have perennial reaches. In these reaches,
about one-half to three-fourths of the flow is storm
runoff, and the remainder is base flow (ground-
water outflow to the streams).

From 0.5 to 2 inches of water annually reaches
the sea as storm runoff. The amount of storm run-
off varies from basin to basin, depending upon
topography, soil moisture, exposure, and vegeta-
tion. Base flow of the streams with perennial
reaches . while often equal in volume to storm run-
o f f , seldom reaches the sea. The flow usually
infiltrates into alluvial deposits in the lower
reaches of the streams.

Ground Water

From 0.5 men to as much as 5 inches of the

r a in fa l l a n n u a l l y .r .fi l trates tne sc.i j.-.s rrcss
:a reacn tne ground-water reservoir. /. iter ..-.
trie grouna-water reservoir :r aquirer roves cv
gravi ty toward tne sea. '.: -ere tne water tasie
.s intercepted by tne lane surface , .vater .s a;s-
cnarged as a spring or as uase ticw '.- > s t r eam,
.'.'here it .3 -.ear tne lana su r f ace . £ -cn as Jiong
stream channels and in coastal emoavrr.ents .
large volumes of water are trar.soirea OY c l a n t s
wnose roots tap the grour.a-water reser/oir . The
t ranspirat ion by plants airectlv trcrr. tne water
table is so great that only -.mute quan t i t i e s :t
jrouno water ever reacn tne sea. .-itner as s tream-
flow or as seepage directly t.-rougn tne so.I one
rocks.

fresh- Salt-Water ..-.terrace

f resh water in the aquifers More trie coast .s
.n contact v/nh salt water m a cvnar.ic ; / s t em .
So long as water levels graoe seawara. fresn
water will discharge to the sea at tne snore.
During times of ground-water recnarge. the fresh-
water lens thickens, displacing the underlying,
heavier, salt water downward and seaward. Dur-
ing times of no recharge, the fresh-water lens
thins, as ground water discharges to sea. Salt
water, which moves into the normally fresh scne
;f water during times of no recharge, is not
entirely flushed out by fresh water when recharge
occurs. Some remains behind, where it mixes
with influx ing freshwater. The interface zone of
brackish water is thick where fluctuations m the
size of the fresh-water lens are large.

In some coastal areas, where the fresh-water
lens is thin because of lack of rainfall or unfavor-
aole topographic or geologic factors, the under-
lying interface zone may extend inland several
hundred feet at depths of but a few feet below
the water table.

The balance between salt water and fresn water
in coastal aquifers is delicate and con easily so
disrupted by man's quest for water. Salt-water
encroachment can readily result by removing more
water from the fresh-water lens than is being
replaced by recharge or by pumping a well at an
excessive rate, in which case the fresh-water
head is lowered, and movement of salt water
upward or horizontally into the fresh-water zone
is induced.

10
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.VATER SCURGES

. r e s n -.vater nas always ceen ..-. c r i t i ca l s u c p i y
..-. ^t. 7r.orr.3s. Sain collectea cr. r r c r s ar.c stereo
.a cisterns .s still the source c f - . v a t e r :;r ~,cst
rxirai 3.°.a ursan ac~estic succ i i e s . je f ; re i ~ 5 C
-;ils;ce ra in ca tc -mer i t s 3.-.C a :ew cu^ -.veils v/ere
:.-.e "-.a)or source or water :;r cuonc 3-ccues.
o.nce trier., uesattea vvater nas cecorr.e :.-.e .-.ajor
source cf -.vater for puohc s -Dpnes . 3nc vv
cargea r'rs.r. Puerto S:cc .3 a Ciose seccr.c.

Charlotte -ma tie

Charlotte Amahe nas a aua i puolic v.-ater system.
"resn water is used for drir.Kinq ana general nouse-
~.oid needs, and sa l twater is usea tor sanitary and
fire-control purposes. The tresn-water svicpiy ,
jotained from salt-water aistiilation piants , .-.ill-
siae rain catchments, ana a wel l , .s supplemented
by water barged from Puerto Rico . Potaole water
use and the sources of the water in figure 3 not
only show the increasing demand for water out also
the shift in sources of the water, in the late
1950's, with the exception of 1957, a drought
year, catchments were the major source of water.
Barged water became the major source of supplv in
the early 1960's, but by the late 1960's, desalted
water became the principal source of supply.

Nearly all buildinos, both private and public,
in Charlotte Amalie have roof catchments and
cisterns. In 1926, before the establishment of a
public water system, about 200 private and 17
public dug wells were in use in the urban area.
Since then most of the wells have been aoandoned
because of sewage and salt-water contamination.
Some of the salty water was drawn into the wells
from tne sea as a result of overpumpmg, and some
of it entered the wells from leaky salt-water pipes.
A few of the wells are still pumped occasionally
for nondrmking domestic supplies and for construc-
tion purposes. In recent years, wells have oeen
dug m eastern Charlotte Amalie for a supplemental
•vater supply for the two public-housing projects.
Several other wells have been dug in tne same
general area for water for nondnnking domestic
-ise.

Since 1926, 16 puohc hillside ram catchments
have been constructed. Cf these, 14 are con-
nectea to the urban water-distribution system.

- • a t e r is "au.ea f rom tne remaining :cur catcr.-
~.ents =•/ i nc iv i aua l users or oy water -auiers.
-he t c t a i area c: :ne cuahc catcnments ;s esti-
-atea^.c se 2-; acres , and the storage is estimated
:o oe i -! ~:.t.c.~. jai lcns . R e l i a b l e f igures are not
sva i lao ie :r. :-e amount cf water usea from any cf
-..-.e C2tc.-.~er.ts. --t to ta l yield .s estirr.atea to =e
; J . ~ 0 0 ;pc. :.-. saaiticn to tne puoiic catcn.-nents.
:our crtvateiy r.vr.ea catchments are in tr.e urcan

.; nailery well at tr.e airport v/as an :moortant
source of v/ater •-.-. tr.e 1 9 5 0 ' s . :t recortealy
vieidea 13 .000 gpd. -n attempt to .ncrease pro-
duction resulted in salt-water encroacnment.
ruining tr.e well as a source of potable v/ater .

:.:\ 1962 the first desalting plant, with a caoa-
rity of 2 5 0 , 0 0 0 gpd, was put into production. In
1966 a plant of 1 million gpd was put into proauc-
tion , and , by 1 967 , the start was made on a 2.5
~. i Hi on gpa desalting plant.

The demand for water has increased six-fold
since I960 and shows little indication of leveling
off . In 1962 and again in 1966, when desalting
plants were put on line, water demand increased
almost overnight to absorb the increase in produc-
tion. Water barging , considered a stopgap
measure, has had to be continued to meet the
demand.

The desalting plants reportedly will produce
water at an average cost of about SI. 00 per 1 ,000
gallons when operating at maximum efficiency.
The cost of barged water from Puerto Rico depends
upon equipment used, but in 1967 averaged about
S3. SO per 1 ,000 gallons. Water is sold to the
consumer at a cost of SO cents per ton, aoout 32.00
per 1 .000 o f l i ' ^ n s . The difference between pro-
auction cost and delivery cost is absorbed by the
Virgin Islands Government.

Rural St. Thomas

?ooftoo catchments and cisterns are still the
-ajor source of v/ater for rural St. Thomas. Dur-
.ng prolonged dry periods, rainwater is supple-
-ented by water hauled from public-supply points
.n Charlotte Amalie. Small ponds have oeen con-
structed, tapping storm runoff for irrigation water
::r truck gardening and dnnicing water for stock.
Since 1962 several private wells have been drilled
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Tser/aticns ..-.cicate :~at wine veiocitv ar.c
"cf configuration are major factors in :r.e recover/
:: r a i n f a l l from resiaential structures. Kign .vi.-.c
- / i l l blew rain of: a pitchea root enentea carailel
:z :ne •.vina, wnereas a ram snaaow :r. "cccrticn
-.3 tr.e aegree of roof pitch will occur en :r.e lee
-•-3e z: a roof onented perpenaicuiar to :ne wmo.
- ' . '-=.-apea roof wi l l be affected in the same
~3.-.ner. j.inougr. probably te a lessercegree. The

:jt e;:icient ;s probably a t l a t roof w.tn 3 icw i.c
-.'rur.s :.-.e ecce. .'/ater cannot clow o:: :-.e r:c:
.-•" .5 3 .-3in sr.aocw createa, s.na tr.e uc converts

:-.e rcc: ir.to 3 temporary storage container during
:-".-.-:r.:er;s:tv r a i n s . R a i n f a l l recovery on f la t

'rcis .3 prooaoly greater than tha t measured frcrr:
'~e r.illsiac- catcnnents, wnereas recovery :n c.tcn
r ro is .s crobably 10 to 20 percent less , ^ecenaing
"-.-. or ientat ion and steepness of c;:cn.

"i^ure 25 shows an estimate of the annua l ccsts
-: collecting rainwater and of cistern storage :cr
3 small home. C.stem cost, amortizea ever a 20-
year period at 5 percent per year ( interest costs
~.3t i nc luded ) , .s estimatea to range frcrr. ^ 3 . 0 0
:er c-_oic foot for 10 percent storage to ;2 .50 per
ruoic :oot for 100 percent storage of the total
annual recovered rainfall . Rainfall recovery was

•=st: .T.~tea :c ee ~; ;ercer.t ::
:: -;•: ..-cr.es ever 1. _ . ; o scuar
:everv -r.oer tr.ese cenci t icns - . • . = .- .- --a

hat water .ess cue tc . r = - - - ~ - ' e n t
:ora;e wcuic ce .-ace -? =v v / a t e r ;-rc.-.35ea":rcm
ater nauiers at costs of 10. ZO . ;r 30 ioilars per
, COO gal lons. 7u.e f igure snows t h a t , ^ s .ng

nese cri ter ia , tne optimum cistern storage wouid
e aocut JO percent of expected annual recover/,

:r aoout 3.5 gallons per square toot of ca tchment .
verage yield from ra in fa l l alone would te acout
O gpc. '-nnuai water ccst would range :rom ino
o il 96 annua l ly , :r i7 . -J5 per 1 , 0 0 0 gallons to
l l . I - oer 1 , COO gal lons . A n n u a l ccst c : I ;T
ercent cistern storage would be i 2 3 4 or i l o . S O
er 1 . C O O gallons.

Ground Water

Ground water is available in nearly all parts
of the island in sufficient quantity to oe of irnoor-
tance to the water supply, '.n general, yields of
wells are sufficient only for individual domestic
supplies. There are, nowever, a few areas
where yields to wells are large enough to warrant
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Figure 25. —Annual cost of water from a roof catchment of 1 ,000 square feet with

a maximum yield of 48 gallons per day.
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.:ciie :: . 3.ues :cr -etermini.-.:: jrsura -water ictenuai from pr.ysicji
::-.;er.a ^r.a -> :<arr,ciss :sr seiectec-.veils
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:-.e development of pualic supplies :cr iccal use .
The va te r , 35 a '.vnole, :s o: ccor o u a l i t v . ce ing
i l igr .Uy mineral ized, but can still be cor.sio.erea
r r j t a o i e . ': :-.-. oe ulencea • • • / i t - c i s t e r n v / a t e r ,
•/•.eIcing a ~;.xea v.-ater of more acceptable pota-
• . i i tv . H ;use-.olcers -.vno - jve '.veils generally
rrrerer * o u a i svstc.—. , ..sin:; :-a .veil v / a t e r :or
• .vasning , I a w n •.-•• oter:r.^ , .r.z sorutarv curpcses ana
ri in v.-ater :tr -.r. .-.ii-; -no, :-o •: i.-.;:.

..-round- .-. • tentu i

~'~n •-ii I "ir --.v^ter po ten t i a l ,f jr. -jrc-a can :n
large part be determined oy ..ne av=--- - - ruai
r a i n f a l l , t opognpny , ana oxccsuro to s j l j r ra::i.i-
t ion . I.-, general , areas rece iv ing i-.ss ir .- ' i r i -.u
..-.cries of r a i n f a l l have a Iv.v :rounc- v i t e r c:t2n-
:ial. The soutnern slopes o: tr-.e i s l a n d , . . ne re ,
because of solar rad ia t ion , .vapotranspirauor , .s
nigh and recnarge is low , jeneraily nave less
ground-water potential and yield more n ighly min-
eralized water than the north slopes. TDpograpny
is important in th« f • 'K" flatter slopes ground-
water recharge is favored.

A crude scale based on ra infa l l , topography,
exposure, and drainage-basin area was developed
for estimating ground-water potential of the rocks
of the island (table -11 . The different features are
assigned values ranging from 0 to 6. The sum of
these values is a number from which an estimate
of the lone-term vield of a well con be obtained.
A deep well wil l ^aneraily yield more water than a
shallow well in the same location. For the
purpose of the scale, a well depth of about 200
feet is assumed with the water level in the well at
50 feet below land surface. Little water is yielded
from depths of more than 200 feet below the water
table.

It is emphasized that even though conditions
appear favorable for obtaining a ground-water
supply, there is always o possibili ty no water wil l
be obtained as J w«ll mav not penetrate water-
bearing strata.

'•.Vater in Consolidated Rocks

The permeable zones or tne consohr!-t?rl r->c<s
consist of open jo in t s and f r ac tu res . Near t-.e

land surface the joints are ocen--:he result cf
•veathering and release of cressure. ,'cir.t ccen-
.ngs , r.cwever, .-.arrow racial/ w i th oep tn , >r.c
•enerally at oectRs c: 3 :°w nundred r'eet '.r.ey sre
tco narrow to transmit s i gn i f i c an t quantit ies of
••••ater.

'•11 the bedrock rorrr.ations are s roKen cv :jui:s--
:ractures a long •.vr.icr. —.ovjr-er.t -.:= t j - : en r :ace .
in some faults , eaah ~o-/err.ent -as crusr.oa :~e
rock to gravel-s ize oreccia. wnereas ..-. o:-.ers :.-.e
roc.< nas oeen reduced to a :lcuniK:e sujstar.ce
;alled :'ault gouge, irecciated f a u l t ;;.-.es r.ot
sealed by mineral deposits or :auit gouge car. ce
very permeable and often extend to csctr-.s o:
•.undreds of feet .

The orientation of .rany of the va l l eys ;r.d oays
:videntl / is controlled by a f a u l t and j o i n t svstem
ilong wnich erosion has occurred, .'alleys.
:-ere fore, are often indicators of zones of an
extensive jointing or fracturing system tr ta t may
contain ground water.

The yield to .-/ells drilled in the bedrock is
small—generally less than 1,000 gpd. Many
••veils will yield S to 10 gpm (gallons per minute >
for about-10 hours. After that they yield at a much
reduced rate as a result of removal of water from
storage in the immediate vicinity of the well.
Once water in local storage is removed, the yield
to the well is reduced to the general yield of the
aquifer. For example, well 17 near Wmtberg re-
portedly yielded 12 gpm ( 1 7 , 0 0 0 gpd) for a 24-
hour pumping period when first drilled. However,
almost daily use over the past S years has snown
that the long-term yield of the well is about 2SO
gallons per day.

The consolidated rocks are permeable as a
result of interconnected open fractures along
joints and faults, which tend to be linear. How-
ever, permeability may vary significantly along a
lineation.

One example of possible linear permeapihtv is
the north-south fault in eastern Charlotte ^malie.
Permeability, as determined from pumping tests
of wells, ranged from about 1 to 9 gpd per ft2

(gallons per day per square foot) east and west of
the fault. Immediately along the fault zone in the
vicinity of the race track, however, permeaoility
ranged from about 70 to 150 gpd per ft2 . South-
vard along the fault permeability was 1 gpd per ft*.
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The effective porosity, or storage capacity, of
the consolidated roc It also is related to open inter-
connected fractures and Joints. Effective porosity
in the upper Turpentine Run basin is estimated to
be 4 percent based upon changes in the ground-
water level in response to rainfall. Effective
porosity of the roctcs in most of the island is esti-
mated to be 1 percent or less.

Water in Unconsolldated Rock

Water-bearing unconsolldated deposits are
present only in Turpentine Run Valley and In coastal
embayments. These deposits consist of two dif-
ferent llthologlc types, which have a variety of
water-bearing characteristics. They can be divided
into (Da bouldery silt and clay alluvium, which
contains lenses and beds of sand and gravel, and
( 2) beach deposits, predominantly coral sand and
occasional interbedded zones of coral, beach rock,
and organic silt and clay. In the coastal embay-
ments, alluvial and beach deposits may interflnger.

The alluvial deposits are predominantly fine
grained, and, although they have a high porosity,
they have a low permeability and will yield water
only slowly to wells. Water in these deposits is
with few exceptions underwater-table conditions.
Sand and gravel beds and lenses in the alluvium
are rare. Where present, however, they will yield
water readily and act as a large collector system
into which water from the less permeable alluvium
will percolate. Occasionally the water in the sand
and gravel beds Is under artesian pressure because
they are confined by the less permeable overlying
alluvium.

The beach deposits, principally medium to
coarse coral sand, have a moderate to high per-
meability and porosity and will yield water readily
to wells. The moderate to high permeability of the
beach deposits Is often detrimental In that salt-
water encroachment can easily occur.

Water Table

Ground water in St. Thornss is assumed to be
under water-table conditions--that Is, the water
surface is unconflned, open to the atmosphere, and
free to rise and fall. Sufficient data are not avail-
able to show contours of the surface of the water
table throughout the island. In general, the water
table roughly parallels the topography. The depth

co the water table is a few feet below land surface
in the coastal embayments but may be as much as
120 feet below land surface near the crest of the
central ndge.

The water table responds to changes in the
quantity cf water stored in the ground-water reser-
voirs. The water table rises when recharge from
rainfall or stream flow exceeds the discharge; it
declines when discharge to springs, streams, or
the sea, evapotranspiration from the water table,
and withdrawal of water from wells exceed recharge.

Water-table fluctuations

The hydrograph of well 1 in figure 26 is typical
of the water-level fluctuations in the rock aquifer
of the south coast. Recharge follows the infre-
quent heavy rainstorm or smaller storms in a wet
period. The overall low storage capacity of the
rock causes a rapid rise in water levels, but the
steep hydraulic gradients result In rapid losses
and almost as rapid declines.

Figure 27 Is the hydrograph of well 24 tapping
the alluvium and weathered bedrock in the lower
Turpentine Run Valley, and figure 28 Is the hydro-
graph of well 21 in the alluvium of the upper basin.
Recharge is received every time storm water runs
off In the stream and water levels rise. Between
times of storm runoff, ground-water levels are
partly maintained by the infiltration of base flow
from the stream when flow is present.

The hydrograph of well 19 in figure 29 shows
the pattern of water-level fluctuations of the rock
aquifer in upper Turpentine Run basin. The pattern
Is similar to that of the rock aquifer of the north
coast and larger valleys on the south coast. Here,
greater permeability and storage capacity and
generally thicker soil and alluvium result In a
slower but more prolonged response to recharge and
a slower discharge. The -troughs* in the
hydrograph during early 1965 were caused by pump-
age (averaging 18,000gpd) from a nearby well.

Recharge

The bedrock aquifer is principally recharged by
infiltration of rain on the land surface. Stream-
flow and storm runoff locally recharge the
alluvium, which may. In turn, contribute water to
the bedrock aquifer in the major valleys and allu-
viated coastal embayments.

34



Rainfa l l , vegetation, evaporation, surficial
deposits, and exposure to solar radiation are tne
main factors affecting recnarge to tr.e aquifers.

Leaky-salt water and sewage mams m Charlotte
Amahe and effluent from sewage plants in tne
Turpentine Run oasm also contribute water to tr.e
aquifers as does effluent from septic tan<s througn-
out tr.e island. Recharge from these sources is
-etn.T.ental as it is a potential source of pol lut ion.

The oedrock aquifer is recharged infrequently
and only after a heavy ram or series of lesser
rams. The amount depends on the antecedent
rainfall and the degree to which soil moisture has
been aepleted by evapotranspiraaon since the last
rain. Extensive brush cover and the granular
nature of the soil cause rapid evapotranspiration.
Conversely, the granular nature of the soil will
allow water to pass through the soil zone without
the soil being completely saturated — saturation
being required only along the conduits between the
soil granules. This reduces the water needed to
satisfy soil-moisture requirements before recharge
can take place. Even then, under dry conditions,
a ma)or rainstorm of 2 inches or more, or the equi-
valent in lesser rains, is necessary to initiate re-
charge to the bed roc le aquifer. The amount of
rainfall necessary for recharge varies from one part
of the island to another. On the north slope 1 inch
of rain may cause recharge, whereas on the south
slope, under dry conditions, 3 inches or more may
be necessary for recharge.

The fluctuation of ground-water levels indicates
that recharge to the aquifers on the south-facing
slopes is less frequent than on the north-facing
slopes. Less frequent recharge on the south slopes
is attributed to the greater solar radiation received
by these slopes, which results in increased evapo-
transpiratlon and a greater soil-moisture deficiency.
Consequently, a greater volume of water is neces-
sary to overcome the soil-moisture deficiency before
recharge takes pli

Where the surficial deposits (saproiite or
alluvium) are thick, ranging from 2 to 15 feet, as on
the north slope in the vicinity of Dorothea, in upper
Turpentine Run basin, and In the alluvial embay-
ments, such as at Long Bay and the Harry S.
Truman Airport, water is retained in the surficial
deposits and takes a much longer time to reach the
bedrock aquifer. Peak recharge to the bedrock
aquifer may lag as much as a month behind the
rainfall. In some places little recharge reaches

the oedrock aquifer—as most is discharged to
.springs or streams directly from tne saprolite or
a l luv ium. 53 nas neen ooserved in cne vicinity of
Dorotnea on the north slope.

Runof f from major rainstorms is the principal
recnarge to the aquifers of the coastal emoayments
ana is an important source of recnarge to the
alluvium of Turpentine Run. 3ase flow of Turpen-
tine Run and Bonne Resolution Gut at Dorothea
3ay, wnen present, also contributes recharge to
the unconsolidated aquifers in their respective
basins.

For convenience of discussion, the island has
been divided into five ground-water areas as
shown in figure 30. Estimates of yield in these
areas are given in table 5.

j.--estimated yield of ground-water jreai. See (19. lu >

.,,-ou no-water
,rea

1
1 ( Long davi
1 ( Lindbenj Say i
2
: Upper oann
2 Lower oasm
3
-1

5

Total

-rea.
30 mi

13.6
.3 I/
.2 I/

3.4
2 . 3
l.l
•1.6

•"I/
10.0

12

estimated
jpa

•ISO. 000
70,000 y
10,000 3/

150.000
300.000 4/
so. ooo «/

250.000

100.000
100.000

1,250.000

yield
moyyr

16-1
2 5
11

128
no

18
91

16

16

•155

Annual r«cnarge.
.iches

J.7
•1.9
4. J

:.2
:.a
1.1
i.:
5 . 3

.2

I/ Approximate are* of alluvium only.
I/ Does not include drainage betin* at Areai 1 and j

which contribute rechacje to Area •» from jurface-
*ater runoff.

J/ Y:eld included in Are* 1 total.
J/ Yield included in Are* 2 total.

Ground-Water Areas

Area 1

Area 1 encompasses about half the land area.
It is underlain principally by fractured volcanic
tuff and breccia of the Louisenho) Formation, on
which 1 or 2 feet of soil have developed. On the
south side of the island, from the vicinity of
Charlotte Amalie westward to Brewers Bay, the
volcanic rock has been extensively fractured.
The fractures, however, have been filled with
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A R E A S E X P L A N A T I O N

Area 1

Wells in rock 5(1 to 300 feet in depth will yield up
to 1 ,000 gpd. In some larger basins and
alluviated embayments yields up to 10,000 gpd
may be possible. Water contains 1,000 to 1,500
my/I chloride. Wells drilled near the sea and
below sea level may yield brackish water when
drilled or if pumped at excessive rates.

Area 2
Wells in rock 50 to 250 feet in depth will yield up
to 30,000 gpd. Generally, deeper wells have a
higher yield. Short-term yields of selected wells
may be as great as 150,000 gpd. Wells tapping
alluvium of lower Turpentine Run will yield up to
10,000 gpd. Water contains about 1 ,000 mg/1
dissolved solids and about 200 mg/1 chloride.
Little danger of salt-water encroachment except in
lower Turpentine Run.

Area 3

Wells in rock bU to 2l)ll lei:I in depth w i l l y ie ld up
to 5,000 ypd. In some laryer dr.i iiuiye Uisms,
yields up to 10 ,000 ypd nuiy he possible. Water
contains about l .O tn l my/1 dissolved solids and
about 200 my/1 chloride. Wel ls dri l led near the
sea and below sea level may yield biacki.-.h wa te i
when drilled 01 if pumped .it excess ive t a l e s .

Area 4

Wells in limestone bll to lljil leel in depth w i l l
yield up to S O , 0 0 0 ypd. Short-term yields of
selected wells may be as yredt .is 1 jii,il()ii ypd.
Water contains <ibout 1 , Sun my/I dissolved solid:;
and 200 to 300 my/I chloride. Wel ls drilled near
the sea or below se<j level may yield brad, ish
water when drilled or if pumped cit excessive Ki tes.

Area 5
Wells in rock 5l> to 300 feet in depth wil l yield up
to 1,000 gpd. In general yields are small. W.itei
contains 1,000 to 1,500 my/I dissolved solids tind
300 to 500 mg/1 chloride. Wells dulled on penin-
sulas and in coastal areus yenerjl ly w i l l encountei
brackish water. Ground water polluted by leaky
salt-water mams in Charlotte Amalie .irea .

Figure 30.--Ground-water areas of St. Thomas showm.j locjuun of w e l l s . biinn.j
stream gages, and rain gages.



secondary minerals.

Alluvium and beach deposits fill the coastal
embayments and are especially prominent in the
Charlotte Amalie area.

Ground-water levels range from a few feet below
land surface in the embayments near the sea to as
much as 120 feet below land surface on the central
ridge. Depth to the water table is greatest beneath
ndges and least in the valleys and lowlands.

Wells range in depth from 50 feet in the low
coastal areas to 250 feet or more near the central
ndge. In general, the higher the altitude of the
well site the greater the depth of the well. There
is really no particular depth at which an aquifer can
be successfully tapped, as yield depends entirely
on the depth and density of open water-bearing frac-
tures. A well in the Long Bay area (well 12) at an
altitude of 40 feet was drilled to a depth of 120
feet before water-bearing fractures wen penetrated.
Well 10, on the other hand, at an altitude of 320
feet on the slop* of the central ridge, penetrated
water-bearing fractures at 60 feet. These, of
course, are extremes. Long-term yields of wells
generally range from 250 to 1,000 gpd, although
initial or short-term yields may be 10 times
greater.

Two valley areas, Long Bay and Lindberg Bay
on the east and west edge of Charlotte Amalie, re-
spectively, have greater ground-water potential
than the remainder of Area 1.

Long Bay.—the Long Bay area lies in a basin
about 1 square mile in extent, of which about 0.3
square mile is alluvia ted coastal embayment, and
the remainder is steep-sloped volcanic ridges with
little soil cover. Alluvium as thick as 60 feet
overlies the bedrock. Near the coast the alluvium
underlies and interfingers with a thin beach-sand
deposit. A relatively impervious clay overlies the
bedrock from a line about 1,500 feet inland sea-
ward to the shoreline at Long Bay, and probably
extends out under Long Bey. Water is present in
the alluvial deposit*, but the main aquifer is the
underlying volcanic rock. In general, the bedrock
underlying the alluvium yields more water than that
underlying the ndges. The zone of greatest yield

::> wells is oour.d oy the r.wo f a u i t s sass.r.c :r.r:._-.-.
•ne area.

.•• f ac tc r ':-.-.:r:o.:•:.-.: -: r.r.e ;rcauc - .-/:: / -f - . - • :
^edrcc< 13 :ne ;v or;v;--j alluviu.-n that ^;:3 ;~ j

••••?: i s
~uar.::'.:es ;t v . ' i ^ r . " ? c 2 u s ^ ;:" .:s . '••
bility it genera l ly y.eids ,.::!e w a t e r •-
out it yields w a t ^ r s icv/ ly to rne -r.zsr\--
rock aquifer. The cnncipal .irea of roc-.
the bedrocK aquifer tron rne 3lluv;j:r. : •
f.-.ot of the volcanic nages .ruanc ;r ..-..-
:ne impervious clay weaqe capping :.-.-.- .:
and mostly upgradient irom the area
water mams.

The long-term yieid cf the a l l u v i u m - .earcc1-:
aquifer is estimated tc be from 60 .00 . " - ~, i.' ;<".o
jpd. The yield of wells ranges t r^m az ;ut ;"0
to 70 ,000 gpd. The high yield ot SC.T.O -:t :h?
wells, however, has little to do w;tn. :?•? !•_.-. .--
-.arm yield of the aquifer. Sustai.-.ec p':mpac-3 r.
excess of the long-term yield of the aquifer wnl
deplete the fresh ground water in storage and r
ably result in salt-water encroachment.

OD-

Salt water has encroached in a narrow strip cf
the alluvial aquifer bordering Long Bay because ot
pumping dug wells 13, 14, and 15, which supply
Pearson Gardens public housing. Nearly half the
alluvial aquifer, however, is contaminated to
some degree by leaky salt-water mains. The
approximate limits of salt-water contamination are
shown in figure 30 . The bedrock aquifer under-
lying most of the contaminated alluvium contains
fresh water because the principal recharge area is
upgradient of the relatively impermeable clay cap
overlying the bedrock throughout most of the
contaminated areas.

Salt water has entered the bedrock in at least
one place. Well 11 became salty after being
pumped heavily for about 3 months. Salt water
from the alluvium has apparently entered the bed-
rock aquifer through several Improperly construc-
ted wells . In each the annular space between the
.•/all of the well and the casing was left open, and
saltwater moved down the annular space, contam-
inating the bedrock aquifer in the vicinity of the
well.
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-.z ..r.pervi •_•••..: -.
-•>'. -asm arc--
: ./men is . : : . _ - -

•..-. -3 :r.ui.
:^e ar.c

~ai . . •• • .„-.•/ aer:". :2oii::v.

...G'.'rl.-i" T2;rcc< i .- ..-jr.:.: -.rjccu i-

:.". J'.-.-^? ..e : i : l r?u -./uri :•:•- .r ..if

•-•? 3 - j r ; c > . SiOn-j :-«» •.:"=*: :'-.••? -: :h<
.'coaiij. , ' e i ) " i j d r / . . . t - ' - u j h it v.-js -.r:i:;d

•: i 'irr-.-i of 2 'JO ;-5-?t. .'.'-r.y -. . - ^ j 6 nve : . T;

••*(!.-, r.r^babiy -vili yiald I J . L ' 1 . ' J apd in the CC.-.L-.M
•TC • ire er.caymcn: t.orti; of the airport. T/.e
u:_v :•_:-. ' relatival-/ :hic - :her» and, tnus, .'

3u.int:ties c i w ^ t e r

." .' '.'otar.r.al yield of the •:«crock aquifer .1
- ••:••. ---'d TC oe 3 0 , 0 0 0 qpd, ^osumn-; djta -;-.3i-'.e<l
r~- . •..•; Eunj Say >iria car ce applied.

Salt-water mains in the Bourne Field housing
jraa are known to laak, and it must be assumed
;.-.jt :.-.a alluvium in that vicinity is contaminated.
The same care to prevent salt-water contamination
jy i.r.sroper well construction must be taken n«re
is in the Long Say area.

At one tiT.e a gallary paralleling the runway
jt t.-.e jiioort wa« used for water supply. This
gallery, which collected runoff from the runway
ir.a stored water to th« alluvium and landfill .r:r
•ufjre >jsa, r.ad a yield estimated to be 13. 000 ;pa.
'Jr.fortundteiy, the gallery was overpumped ?nd
salt-water encroachment followed. Salt w^ter is
sull present in the alluvium near the well and :s
.r. a position to intrude the bedrock aquifer.

•Vater from the gallery occasionally is used for

•-: :2Dle purposes. The use or water :ron
• . • ; • - • iramage for drinking purposes, :: course,

oecause cf tne presence of tox:c
sucn as nycrocaroons and tetraetnyl

:r:m soilled a i r c r a f t ruels .

•ea 2 is the drainage oasin o: Turpentine R u n .
..-••enience it is separated into an upper ar.c

-.: -asm: t.-.e upper oasm above the stream-
".-. j station near Mt. Z.on, and the lower oasm
.. " :. The prmcioal rocics are volcanic f l o w s ,
:'. ir.'i breccia. Alluvium as tmck as 40 feet
s .-. :.-.e main stream cnannel of the lower oasin.
:r.!v.yest-oriented fractured and jointed cone
•yir'ii.nermally altered rock bisects the upper

~ ~ ; . i l ^ d wells range from 40 to 250 feet in
. = cth . The shallower wells tap the alluvium ana
. ij'.her^.: bedrock of lower Turpentine R u n . The
tepth rf the rock wells is not necessarily a cri-
•°r.~- ot greater yield, but is usually an mdica-
•. jn o: -vr.ere a zone of water-bearing fractures
:-*3 cenetrated. Short-term yields from indi-
• .Uuol rock wells in the upper basin are as great
.3 1 5 0 , j O O g p d . Sustained yields, however,
• .-\'1G from about 3,000 to 30,000 gpd. Indi-
v. .LJ! veils in lower Turpentine Run yield as
•••zn •>$ 30,000 gpd, but sustained ground-water
.• Ltharn'.v-Hs of more than 10,000 gpd will probably
rc-'jlt .n sea-water encroachment.

~ round -water levels.—Contours of the ground-
v/ater surface during August 1965 and January
1066, ore shown in figures 31 and 32. The arrows
on these maps indicate the general direction of
ground-water movement. In the upper basin,
./hen water levels are high, ground-water flow is
split—part moving along the course of Turpentine
Run .ind part moving through the fractured and
altered zone at Mt. Zion and emerging as a series
of springs discharging to Turpentine Run in the
lower basin. When ground-water levels are low
.n tne upper basin, nearly all ground water is
.rooably discharged through the fractured zone at
\'t. Zion, and a temporary ground-water divide is
established at the position shown in figure 31.

Ground-water levels in the basin fluctuate m
relation to discharge from and recharge to the
aquifers. Figures 29 and 27 are the hydrographs
of wells 19 and 24 anlied in bedrock in the upper
basin and in the alluvium and weathered rock of
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REFERENCE NO. 15



No data base is available for a detailed assessment of population within a particular radius of the
site. The best available information follows this note, and consists of a 1980 census by water district.

Populations were estimated by adding together the populations of each district within the radius of
interest. In cases where only a portion of a district is within the radius, population was prorated by
area.
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ISLAND Uf *f f MAS 1
UUIPUl UAIA f\ VEAR I90O %

• - _ - _ INTERNAL UCMANO ----• « — — -- —— -- ——— I Ml CRN At. HATER SuPPL* - ——— -- — — ---• »--- EilbMNAL OtMANO ---•
« ——— POTABLE HATER --• j-» • — NON-POTABLE •AIER--*

PO TABLE NON-POI rot AC CISTERN OTHER T O T A L SAt T OTHER fOlAL POIABLE NON-MUT IOIAI
KCAL/O KCAL/O KCAL/O KCAL/O KCAL/O KCAL/O KCAL/O KCAL/O KCAL/O K.GAL/O KCAL/O KCAL/O

DISTRICT
OISIRICI
DISTRICT
DISTRICT
DISTRICT
DISTRICT
DISTRICT
OISIHICT
OISIRICI
DISTRICT
OISIHICI
DISTRICT
DISTRICT
DISTRICT
DISTRICT
DISTRICT
DISTRICT
OISIRICI
OISIRICI

01 6.
02 IV.
03 It.
04 as.
09 U7.
06 504 .
07 104.
OH 02.
09 s«o.
10 97.
II 50.
12 ; ir«.
1 J ! 2*1 .
I* ' «0.
IS 2I».
16 712.

0.0 6.
0.0 1*.
0.0 27.
o.o as.
l.» 130.

41 .• 616.
!•*•• >IO.
. ••• 62.
••• 540.

II. 1 100.
O.O SO.

10.5 108.
04. 1 342.
6.0 «.O.

26 . J >' . 1 .
57.6 76V.

1' 567.2 20.7 507.

1.4 O.O 1.4 O.O O.O 0.0 S.« 0.0 6.4
4.1 O.O 4.1 O.O O.O O.O IS. 6 O.O Ift. t>
5.0 O.O S.(

22.1 O.O 22.1
34.
63.
20.
1 1 .

102.
13.
J.

2a.
40.
9.

J3.
112*
V3.

0.0 34.1
30.0 113. 1
65. O OS.J
6.0 19. i

16.0 116. 1

O.O 0.0 0.0 22.9 O.O 22.9
O.O O.O O.O 63.' O.O 03. /
O.O 4.O 4.0 102.3 O.O IO2.3
o.o o.o o.o «rs.r 31.6 507.5
O.O 56. O 56.0 7J. 4 5O.O I2J.4
O.O O.O O.O 63.3 O.O 63.3
O.O 0.0 0.0 »i2.«; O.O 422.2

0.0 13. l| 0.0 IS.O IS.O 6J.9 O.O M3.9
O.O J.4 O.O O.O 0*0 «<>.•» O.O 46.9

10.0 ' 30.6* 0.0 15.0 IS.O 139.7 O.O 139.7
170.0 210.0 .O.O 62. 0 1.2.0 I9S.M 4.2 2OO.O

O.O 9.7 0.0 O.O 0.0 31 .0 O.O 31. 0
o.o J3.a
6.0 120.7

26.0 |I6. 5
!• . O.6 O.O 0.6 O.I 0.0 O.I
IV ' 25. 7 0.0 25.7 J.6 0.0 3.6

O.O >>.0 0.0 I8l.h 26. J 2O 7. 9
O.O O.O O.O 591.3 57.0 64U.9
O.O 0.0 0.0 440.7 20.7 4b9.4
O.O O.O 0.0 O.b O.O O.5
O.O O.O i-J 22.1 O.O 22.1

TOTAL ISLAND 3754.0 3 ^ 7 . ( ' 4061.6 623.9 332.0 945.9 0.0 152.0 IS2.0 2946.0

Scivic* DifliKlt *• NiHnliriril

Jl tlt.tr

FIGURE 3-6.
Projected demand of the service districts on St. Thomas for the year 1960.
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ft/US CORPORATION TELECOM NOTE
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/VUS CORPORATION TELECONNOTE
CONTROL NO: OATf: TJMf:
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MUS CORPORATION
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RECORD OF
COMMUNICATION

["•ONE CAtt r~OI«CUtSiON • HE..OTBIP —

^^ ' "a i / i
—? ~7cy- — ^
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FROM: DATE

SUKJCCT

//L/T k./
SUMMARY Of COMMUNICATION
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O
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federal Programs

March 6, 1989

Ms. Caroline Kvan
U.S. Environmental Protection Agency
26 Federal Plaza
New York, New York 10278

Project:
Document No:

Subject:

EPA Contract No. 68-01-7331
T648-C02-EP-CZUU-1

CLP Sample Analysis Data Summary
Case No. 3900 I Ser 25
Tutu Vellfield Area
Work Assignment 648

Dear Ms. Kvan:

Enclosed please find the summary CLP analyses results for samples
taken in the Tutu Vellfield Area, St. Thomas, U.S. Virgin Islands on
September 12 and 15, 1988. The samples were analyzed by Cenref Labs
Brighton, Colorado. The identification and location of the three
samples are given below:

Sample t

eT-62
eE-63
eE-64

Sample Location

Tutu Texaco Service Station - oil/water separator
Tutu Esso Service Station - holding tank
Tutu Esso Service Station - oil/water separator

Ve have taken the liberty to limit the list of compounds to include
benzenes, substituted benzenes, dichloroethane, dichloroethene,
trichloroethane, trichloroethene, tetrachloroethane, tetrachloroethene
compounds, toluene, xylene and any other compounds found above
detection limits. These compounds (BTEX and chlorinated hydrocarbons)
were identified as groundwater contaminants in past EPA sampling
events conducted in the Tutu Vellfield Area. Alkanes and related
compounds were not included.

It can be seen from the results that toluene, ethylbenzene and xylene
were found in all three samples. A number of benzene-containing
volatile and extractable compounds were tentatively identified in all
three samples. Sample eE-64 from the Esso oil/water separator also
contained detectable levels of methylene chloride, 2-butanone, 1,1,1 -
trichloroethane, tetrachloroethene and benzene. Copies of the
laboratory analysis data sheets for the three samples are attached.

40 Rector Sot*. KW» Hoar New York, NY 10006 2123934634



^OM Federal Programs Corporation

Ms. C. Kvan
Page Two

All three of these sampling locations vill be resampled later this
month due to a break in the chain-of-custody during the original
sample shipment.

Should you have any questions regarding these data, please do not
hesitate to call me at (212) 393-9634.

Sincerely,

CDH Federal Programs Corporation

tt Grafter
III Regional Manager

SG/rw

Attachment

cc: P. Fischetti
J. Claypoole
NYC File
Document Control

(WP8/47)NY-GMO



LAB ANALYSIS DATA SHEETS

CENREF LABS

SAS No. 39001, Set 25

^365



VOLATILE ORGANIC COMPOUNDS (mg/kg)

Compound;

methylene chloride
1,1-dichloroethene
1.1-dichlorethane
1.2-dichloroethene (total)
1,2-dichloroethane
2-butanone
1.1.1-trichloroethane
trichloroethene
1.1.2-trichloroethane
tetrachloroethene
1,1,2,2-tetrachloroethane
benzene
toluene
ethylbenzene
xylene (total)

eT-62

25u
25u
25u
25u
25u
50u
25u
25u
25u
25u
25u
25u
140
400
160

eE-63

250u
250u
250u
250u
250u
SOOu
250u
250u
250u
250u
250u
250u

1800
230

1600

eT-64

25u
25u
25u
25u
62
100
25u
25u
65
25u
29

2900*
4500*
1900*

Tentatively identified compounds;

propyl benzene
ethyl methyl benzene 86 OJ
C3 substituted benzene
C3 substituted benzene
trimethyl benzene 370J
ethyl methyl benzene
trimethyl benzene 1300J
trimethyl benzene 390J
methyl propyl benzene 470J
methyl methyl ethyl benzene 550J
C4 substituted benzene 280J
C4 substituted benzene
C4 substituted benezene
ethyl dimethyl benzene 440J
tetramethyl benzene
ethyl methyl benzene
tetramethyl benzene 400J

1200J
6000J
2200J
1800J
8000J
1700J

1400J

2000J
1200J
950J

890J
1600J

1000J
940J
1900J
1000J
1000J
1100J
760J

680J
940J

u - below the detection limit
J - estimated value
* - value from analysis of a diluted aliquot of this sample

PH/S2

j s



EXTRACTABLE ORGANIC COMPOUNDS (mg/kg)

Tentatively identified compounds: eT-€2 eE-63 eT-64

C4 substituted benzene 220J 930J 1400J
C4 substituted benzene - 620J
ethyl dimethyl benzene - 690J 780J
l-methyl-3-(l-methyl ethyl)-benzene - 720J 1600J
tetramethyl benzene - 540J 360J
tetramethyl benzene - 710J 410J
methyl-propyl benzene - - 720J
dihydro-methyl benzene 260J
dimethyl-(methyl ethyl)-benzene 260J
methyl naphthalene - 990J
substituted methyl naphthalene 390J - 290J
dimethyl naphthalene 250J
dihydro-methyl-indene - 690J 490J
dihydro-dimethyl-indene - - 270J

J - estimated concentration



1HA
HIGH CONCENTRATION VOLATILE ANALYSIS DATA SHEET

019
EPA SAMPLE NO.

Lab Nacs

Lab Code

: ( O contract; I&.QU 1*|k5

Case No.:
39 ooxy

SAS No.: 5:»-fj3.sr SDG No.:

Phase Type:

Phase weight::

0
UP OIL

Final Extract Volume:

Aliquot Volume: IQQ

Conversion Factor:

CAS NO.

Lab Sample ID:

Lab File ID:

Date Received:

Date Separated:

Date Analyzed:

COMPOUND
CONCENTRATION

(mg/Kg) Q

1
74-87-3 ——————— Chlor omethane
74-8 3-9 ——————— Bronomethane
75-01-4 ——————— Vinyl Chloride
75-00-3 ——————— Chloroethane
75-09-2 ——————— Methylene Chloride
67-64-1 ——————— Acetone
75-15-0 ——————— Carbon Disulfide

75-34-3 ——————— 1,1-Dichloroethane
540-59-0 —————— 1,2-Dichloroethene (total)
67-66-3 ——————— Chloroform
107-06-2 —————— 1,2-Dichloroethane
78-93-3 ——————— 2 -Butanone
71-55-6 ——————— 1,1,1-Trichloroethane
56-2 3-5 ——————— Carbon Tetrachloride
108-05-4 —————— Vinyl Acetate
75-27-4 ——————— Bromodichloromethane
78-87-5 ——————— 1,2-Dichloropropane
10061-01-5 ————— cis-l,3-DicbJLoropropene
79-0 1-6 ——————— Tr ichloroethene
124-48-1 —————— Dibromochlorometnane
79-OO-5 ——————— 1 , 1, 2-Trichloroethane
71-43-2 ——————— Benzene
10061-02-6 ———— trans-1 , 3-Dichloropropene
75-25-2 ——————— -Bromoform
108-10-1 —————— ̂-Methyl -2 -Pentanone
5 9 1-78-6 —————— 2 -Hexanone
127-18-4 —————— Tetrachloroethene
79-34-5 ——————— 1 ,1,2, 2-Tetra Chloroethane
108-88-3 ——————— Toluene
108-90-7 —————— Chlorobenzene
100-41-4 —————— Ethylbenzene
100-42-5 —————— Styrene
1330-20-7 ————— Xylene (total)

500
.TOO
*&0
3~00
J30
Soo-
*so
5̂»
AfO
3c:s>5so
^so
5<30
2̂̂ -0
<3S6
-590
J5T7
-?ST3
ŜT7
*go
JSO
*SO
3^0
-?ro
^S-o
SOO
ff&o
ŝr<3
r̂«?

/*oo
330
330

ULu.

4(L
a

u.
tL
u-<r-

~~u-
f*.
a
*t
,̂
u.
K-
UL.
UL.
*^~~
U.

£j*o 1 U.
J6&0 1

l

FORM I HCV i/ 00



020
HIGH CONCENTRATION VOLATILE ANALYSIS DATA SHEET

TENTATIVELY IDENTIFIED COMPOUNDS

EPA SAMPLE NO.

Lob Name:

Lab Code:

U>/rt/)_j!Ls/

case No.:

Phase Type:

Phase weight: (g)
Final Extract Volume: /O-O (mL)

Aliquot Volume: /0O (uL)
j-fc

Conversion Factor:

Number TICs found:

Lab Sample ID:

Lab File ID:

Date Received:

Date Separated:

Date Analyzed: /d//9//<f

CAS NUMBER

i. /ajf,^/
2.
3.
4.
5.

>- 6.
7.
8.
9.

10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.

-~ '

COMPOUND NAME

''\>/0'// -frfizf**

&/) f/ia*3t £•£* <// /Tl-tM v / ~Bf/12rsl^
un&iecDA & S'f&rt'/uffJ £*/iZrsit.
un£Aa^n C+ Su.Afl'.yi, tr J &fsiz ••/»«.
un&ia*** +I-: sna'HLu/ &t>ntes><L.
xsikLsi**^* £?<•*/ /M<&i*/ tfssir***.
/j *>£***>* /Jit Ms/ frf'/ty/ ff>/)Z+si*.
/Mf*ft*isi <?y ̂ Xr/'i^/Vt/ Jfrftff/}-*
tint^auiH Q ."*,. Aj&V,.?* J rtf/TZ&f*.
b/)£/ia CijSl CV ̂ u^S7L- l^u ifd jSffTffsK,

„

f
FORM I HCV-TIC

RT

SS.H
/3~</9
s3~.k 9
/6.0&
/(,.*/&
'7-3<P
Sf.dJ.
Sf.J./
/r.o*/
Jo.o?

•

crt

EST. CONC.
(mg/Kg)

/al&&

& &0Q

<330O
/#00
£&0d
/ J&&

/</00
J.0OO
/loo
930

. ft .

-\. "" <*"
\Q\ ^

Q

JT

^ —
3-
j-
^j~
3T
jj~
-p

J~~

:.i'-369



1HB
HIGH CONCENTRATION EXTRACTABLE ANALYSIS DATA SHEET

220
EPA SAMPLE NO

Lab Name;

Lab Code: CEtiiLC f~ Case No.:

Phase Type: IxJtL _____

Phase weight:

Contract:

SAS No.: SDG No.: 3AAt><?7

I . /

Final Extract Volume:

Injection Volume: /

Conversion Factor:

pH: _

CAS NO.

Lab Sample ID:

Lab File ID:

Date Received:

Date Separated:

(LI I d O

Date Extracted; /£•-£. -

Date Analyzed: /<?. -//

COMPOUND
CONCENTRATION

(mg/Kg)

103-95-2 —————— Phenol______________
111-44-4———————bis (2-Chlcroechyl) ether
95-57-8———————2-Chlorophenol_______'
541-73-1——————1,3-DichIorobenzene________
106-46-7 —————— 1,4-Dichlorobenzene_______
100-51-6——————Benzyl alcohol________
95-50-1———————1, 2-Dichlorobenzene_______
95-48-7———————2-Methylphenol____________
108-60-1——————bis(2-Chloroisopropyl)ether_
106-44-5——————4-Methylphenol___________
621-64-7——————N-Nitroso-di-n-propylamine_
67-72-1———————Hexachloroethane_________
93-95-3———————Nitrobenzene_____________
78-59-1————————Isophorone________________
8 8-75-5———————2 -Nitrophenol_____________
105-67-9——————2, 4-Diaethylphenol________
65-85-0———————Benzoic acid_____________
111-91-1——————bis(2-Chloroethoxy)methane_
120-83-2——————2,4-Dichlorophenol_____'
120-82-1——————1,2,4-Trichlorobenzene_____
91-20-3————————Naphthalene______-__________
106-47-8——————4-Chloroaniline__________
87-68-3 ———————Hexachlorobutadiene_______
59-50-7———————4-Chloro-3-methylphenol_
91-57-6———————2-Methylnaphthalene_____
77-47-4———————Hexachlorocyclopentadiene
88-06-2———————2,4 , 6-Trichlorophenol___\
95-95-4———————2 , 4,5-Trichlorophenol___
91-58-7———————2-Chloronaphthalene______
88-74-4——^————2-Nitroaniline_________
131-11-3——————Dimethylphthalate______
208 -96-8 ——————Acena phthylene__________
606-20-2——————2 , 6-Dinitrotoluene______

FORM I HCE-1 ruT



1HC
HIGH CONCENTRATION EXTRACTABLE ANALYSIS DATA SHEET

221
EPA SAMPLE NO.

I
Lab • Nace: t.n (kf Contract::

Lajj Code: C. Etdtf-, F Case No.:

Phase Type: U)|6~

Phase weight: \. I (g)

SAS No . : Ĵ r-. SDG No.:

Final Extract Volume:

Injection Volume: _I

Conversion Factor: _

ID

(mL)

(uL)

2.0

Lab Sample ID: _

Lab File ID: _____

Date Received: f• ? l~

Date Separated:____

Date Extracted: Id ~k

PH:

CAS NO. COMPOUND

Date Analyzed: /(>'//"$$

CONCENTRATION
(ng/Kc) Q

99-09-2 ——————— 3-Nitr=aniline__________
83-32 -9———————Aceriapnrhene____________
51-2S-5———————2 , 4-Dinitrophenol__________
100-02-7——————4-Nitrophenol___________
132-64-9——————Dibenzofuran____________
121-14-2——————2 ,4-Dinitrotoluene______
84-66-2———————Diethylphthalate________
7005-72-3—————4-Chlorophenyl-phenylether_
86-73-7———————Fluorene_______________~_
100-01-6——————4-Nitroaniline_____________
534-52-1——————4 , 6-Dinitro-2-methylphenol_
86-30-6———————N-Nitrosodiphenylamine (1) ~
101-55-3——————4-Bromophenyl-phenylether_^
319-84-6———————alpha-BHC________________
118-74-1——————Hexachlorobenzene__________
319-55-7———————beta-BHC________________
87-86-5———————Pentachlorophenol_______
58-8 9-9 ———————ganma-BHC (Lindane) ______
85-01-8———————Phenanthrene___________
120-12-7——————Anthracene______________
319-86-8———————delta-BHC__________-______
76-44-8————————Heptachlor______________
309-00-2——————Aldrin________
84-74-2———————Di-n-butylphthalate______
2 06-44-0——————Fluoranthene ___________
1024-57-3—————Heptachlor epoxide
27323-18-8—————Monochlorobiphenyl_________
2051-60-7—————Dichlorobiphenyl________
2051-61-8—————Trichlorobiphenyl____________
2051-62-9—^———Tetrachlorobiphenyl______
129-00-0——————Pyrene_____________________
5103-74-2——————gamna-Chlordane__________

a co

IfiD

I 000

oO
I QUO

3. Oh

(1) - Cannot be separated from Diphenylamine

FORM I HCE-2*



1HD
HIGH CONCENTRATION EXTRACTABLE ANALYSIS DATA SHEET

222
EPA SAMPLE NO.

Lab Name;

Lab Code:

Contract: I
Case No.:

Phase Type:

Phase weiaht:

OL)| I*

/ • /

Final Extract Volume:

Injection Volume: /

Conversion Factor:

pH: "?••£

CAS NO.

(g)
/. 0 (mL)

(UL)

SAS No. ;36MZ~<_r27 SDG No.: _

Lab Sample ID: ____

Lab File ID: >Cf I

Date Received: f ' 2

Date Separated: —-

Date Extracted: 16 - (f •

Date Analvzed: //; -//•

COMPOUND
CONCENTRATION

(me/Kg) Q

959-98-S——————Endosulfan I____________
5103-71-9——————alpha-Chlordane__________
25429-29-2—————Pentachlorobiphenyl______
72-55-9 ————————— 4 , 4 ' -DDE___________________
60-57-1———————Dieldrin_____________-
26601-64-9—————Hexachlorcbiphenyl_______
72-20-8———————Endrin_________________
33213-65-9—————Endosulfan II____________
72-54-8————————4,4 '-ODD__________________
28655-71-2—————Heptachlorobiphenyl______
85-68-7———————Butylbenzylphthalate_____
1031-07-8—————Endosulfan sulfate_______
50-29-3—————————4, 4'-DOT___________________
53494-70-5—————Endrin ketone____________
56-55-3———————Benzo (a) anthracene_______
72-4 3-5———————Methoxychlor_____________________
218-01-9——————Chrysene________________________
55722-26-4————Octachlorobiphenyl________
91-94-1———————3,3 ' -Dichlorobenzidine___
117-81-7——————bis(2-Ethylhexyl)phthalate_
53742-07-7————Nonachlorobiphenyl______~
2051-24-3—————Decachlorobiphenyl______
117-84-0——————Di-n-octylphthalate_______
205-99-2——————Benzo (b) fluoranthene_____
207-08-9——————Benzo(k) fluoranthene________
50-32-8———————Benzo(a)pyrene__________
193-39-5——————Indeno (1,2, 3-cd) pyrene_____
53-70-3———————Dibenz (a, h) anthracene____
191-24-2——————3enzo(g,h,i)perylene_____

300

I OOo
JC-O
OOP
300

2000

TUT 001

FORM I HCE-3



223
HIGH CONCENTRATION ECTRACTABLE ANALYSIS DATA SHEET

EPA SAMPLE NO.

TENTATIVELY IDENTIFIED COMPOUNDS | j
j . i

Lab Name: ^.dn %<:( t-6.ks Contract: i/^-fi/'T-K/S \ &Arl£7/ \

Lab Code: <L£M^f Case No.: SAS No . : Jf^xr-jr-A-iS•SDG No. : ~BAAW?

Phase Type: UK Lab Sample ID:

Phase weight: __/, / (g) T\ah File ID: >C.//QO

Final Extract Volume: / (mL) Date Received: /' -ZY-S^

Injection Volume:

Conversion Factor

PH: 7,0

/ (uL) Date Separated:

: 20 Date Extracted: S0-£-g3

Date Analyzed: /D -//-%%

Number TICs found: ! 7

GAS NUMBER

1.
2.
3.
4. 5^77?
5.
6.
7.
o •
9.

10.
11. I :̂ ."7S*"
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.

! 27.
28.

1 29.
30.

COMPOUND NAME

C. s-^v,-.,.-,/ ?!^i-fvie
C.., c,,r5-f -. ^r! 3e>n .?*•«<•
G-tk-l 'l._£r*<k..\'~*1.nzfrf_
l-mt'-4\-.l- ,7-/ ' - ^,-ul .. / j +-(,, ,/ l-^r-ifnf

-he^x-arvV'— - ' 7"n?-V><- /Up- < • ' / > Ml"

Te-H>j>^- ^^. / '-"^v^r"* 'v>>r- C/O H H
^.h.^ir'"- ^f^-.-'l ^Ar«.r *Jt= - r i,- HU
{1't't^r,^ AM'an^ MP -^L2 ,U-J'/^
nsr-*Kvl ^i / ' -C'K-t-k- '<••>_£ M*-" - i'' i 1 l - i /~
U.n« .V>i . -r> fc'ltx.r., ^JV ' C l<? -" 'J'''

f~"iV' / x *i n^
(x^vfr./-.;.^ '.- .f . f ''.'-^ rk^r\

H*Lw--~ AlkLvx^
(A-TX Kr.viin ^1 C^./v^
l^kfiS'L* AICt_r>J_

'XAvtn/'-.-o A / ^ ^ f l C
i<«Kr,/v^'n Cil^^i.
it-w J'n .-'/,vi A/fa^-t

RT

9j^
9..3C-

9-jft
o g^
/AS"?
/^). (o 1
/r .Jr.
/J.^
'.? M

j?J. j/-
J?V ^i;
J5" <?5"
J5". S/
J^.Jfc"
J1. 40?

v30. v/
v?| . &•?!

EST. CONC.
(Jar , :g)

/'-•„?£
/*?£
7nc

^Ty^;

•7//J^y<9
'slti
Q<?/->
.̂5-̂ 1

-79^)
•7/.£
7/v<9

/T^v:
^ ^^-o

/ i /"-o
//^/)T'
' 3<iZ)

Q

"rr~
^~

'

———

———

FORM I HCE-TIC "U'l



(A /-
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1HA
HIGH CONCENTRATION VOLATILE ANALYSIS DATA SHEET

EPA SAMPLE NO.

Nane: Co nrp>

Lab Code: C.SC\re*r Case No.: __

Phase Type: VOX. L

Phase weight: [. O (g)

Final Extract Volume: IQ.Q (inL)

Aliquot Volume: IQ

Conversion Factor: tb-D

Contract: (,% -Ql-^KoS
34001-

SAS No . : SDG No . :

Lab Sample ID: _

Lab File ID: ?A

Date Received: _<

Date Separated:

Date Analyzed: 1D |g,

CAS NO. COMPOUND
CONCENTRATION

(mg/Kg)

74-67-3———————C.v-.l=rc=ethane_
74-33-9 ——————— = rc-c=erhane____________ _________-5o
75-01-4———————Vir.yl Chloride__, _______ ________-50
75-00-3———————Chlcrcethar.e _
75-09-2———————Merhylene Chloride_
67-64-1———————Acetone__________________ ________^>Q
75-15-0———————Carbon Disulfide_________ __________Z.*?
75-35-4———————1,1-Dichloroethene
75-34-3 ——————— 1,1-Dichloroethane" ___
540-59-0——————1,2-Dichloroethene" (total)
67-66-3———————Chloroforn_______
107-06-2 —————— l,2-Dichloroethane_ __
73-93-3———————2-Butanone_______~________'_" "~ uHzT
71-55-6 ———————1,1,1-Trichloroethane
56-23-5———————Carbon Tetrachloride
108-05-4——————Vinyl Acetate______
75-27-4———————Bronodichloromethane
78-87-5———————1,2-Dichloropropane___
10061-01-5————cis-l,3-Dichloropropene_
79-O1-6———————Trichloroethene______
124-48-1——————Dibronochloronethane_
79-00-5———————l,l,2-Trichloroethane_
71-43-2————————Benzene___________'________ %c\
10061-O2-6————trans-i,3-Dichloropropene_
75-25-2———————Bromoform_____________
108-10-1——————4-Methyl-2-Pentanone________ _______ go
591-78-6——————2-Kexanone
127-18-4——————Tetrachlorbethene________
79-34-5———————1,1,2,2-Tetrachloroethane
108-88-3——————Toluene_______________ d** \\trCT3QiifJf
108-90-7——————Chlorobenzene_____________| ' j[«
100-41-4——————Ethylbenzene_
100-42-5——————Styrene______~___________________\ \ HO _
1330-20-7——————Xylene (total)____________lW-Wg W®fr # }

FORM I HCV



049
1HE

HIGH CONCENTRATION VOLATILE ANALYSIS DATA SHEET
TENTATIVELY IDENTIFIED COMPOUNDS

EPA SAMPLE NO.

I ACQ. r L.A \O SL«b N'ame:_

Lab Code: C_p C\CfLr Case No.: __

Phase Type: ^X.U___

Phase weight: [. Q (g)

Final Extract Voluae: ^Q. Q (aL)

Aliquot Volume: \ D (uL)

Conversion Factor: t^> -Q

Number TICs found: |Q

I
Contract: (PR-Q\-l-<4tDI^> I ~v̂ >At ̂Q0! ̂

SAS No.: S<?42-̂  SDG No.:

Lab Sample ID: __

Lab File ID: > A

Date Received: H

Date Separated:

Date Analyzed: \p \ <=-,

CAS NUM3EH

2.
3 .'
4 .
5.'
6."
7."
8 ."
9.'

10."
11."
12."
13."
14."
15."
16."
17.'
18."
19."
20."
21."
22."
23."
24."
25."
26."
27."
28."
29."
30."

COMPOUND NAMI

!\7 f A 2

4 r',
•^fYT^ /VJL
/1r ̂

r\r

4 K

/vJl

RT
EST. CONC

(ma/ Kg)

/ (oOO

IOOO

MOO

O'.).!.

FORM I KCV-TIC 1/88



1KB
HIGH CONCENTRATION EXTRACTABLE ANALYSIS DATA SHEET

265
EPA SAMPLE NO.

Lab Nome:. (L <** & (

Lab Code: Case No.:

Contract:

SAS No.: SDG No.:

Phase Type:

Phase weight: I . 0

Final Extract Volume:

Injection Volume: /

Conversion Factor:

pH: ? • D

CAS NO.

(g)

I O (mL)

(uL)

Sample ID:

Lab File ID:

Date Received:

Date Separated; ——

Date Extracted: /0-£

Date Analyzed: l6-il

COMPOUND
CONCENTRATION

(mg/Kg)

108-95-2——————Phenol___________________
111-44-4——————bis(2-Chlcroethyl) ether____
95-57-8 ——————— 2-Chlorophenol____________
541-73-1——————1, 3-Dichlorobenzene_______
106-46-7——————1, 4-Dichlorobenzene_______
100-51-6——————Benzyl alcohol______
95-50-1———————1, 2-Dichlorobenzene_______
95-48-7———————2 -Methylphenol____________
108-60-1——————bis (2-Chloroisopropyl) ether_
106-44-5——————4-Methylphenol_____________
621-64 -7——————N-Nitroso-di-n-propylamine_
67-72-1———————Hexachloroethane_________
98-95-3———————Nitrobenzene_____________
78-59-1———————Isophorone___________________
88-75-5———————2-Nitrophenol____________
105-67-9——————2,4-Dimethylphenol________
65-85-0———————Benzoic acid____________
111-91-1——————bis (2-Chloroethoxy) methane_
120-83-2——————2,4-Dichlorophenol_____•
120-82-1——————1,2,4-Trichlorobenzene_____
91-20-3 ———————Naphthalene_____-________
106-47-8——————4-Chloroaniline__________
87-68-3 ———————Hexachl orobutadiene_______
59-50-7———————4-Chloro-3-methylphenol_
91-57-6———————2-Methylnaphthalene____
77-47-4———————Hexachlorocyclopentadiene
88-06-2———————2,4,6-Trichlorophenol_____
95-95-4———————2,4,5-Trichlorophenol___
91-58-7———————2-Chloronaphthalene_____
88-74-4——-^r————2-Nitroaniline_________
131-11-3——————Dimethylphthalate_________
208-96-8——————Acenaphthylene_________
606-20-2——————2,6-Dinitrotoluene_____

FORM I HCE-1 001 1/88



1HC
HIGH CONCENTRATION EXTRACTABLE ANALYSIS DATA SHEET

266
EPA SAMPLE NO.

Lab-Name: (t*\ (lef Contract

Code: £rdlg£F Case No.:

Phase Type: U)l̂

Phase weight: ) . 0 (g)

Final Extract Volume:

Injection Volume: / (uL)

Conversion Factor: 2-D

PH: 1-0

>£

SAS No . ; J&MZT-C t-2S SDG No.:

Lab Sample ID:

Lab File ID:

Date Received:

Date Separated;

Date Extracted:

Date Analyzed:

GAS NO. COMPOUND
CONCENTRATION

(mg/Kg)

99-09-2 ——————— 3-Nitrcaniline___________
83-3 2-9 ————————Acenaphthene_______________
51-28-5————————2 , 4-Dinitrophenol_________
100-02-7——————4-Nitrophenol____________
132-64-9——————Dibenzofuran_____________
121-14-2——————2,4-Dinitrotoluene____-
84-66-2———————Diethylphthalate
7005-72-3—————4-Chlorophenyl-phenylether_
8 6-73-7————————Fluorene___________________
100-01-6——————4-Nitroaniline_______________
534-52-1——————4 , 6-Dinitro-2-methylphenol_
86-30-6———————N-Nitrosodiphenylamine (1)_
101-55-3——————4-Bromophenyl-phenylether_
319-84-6———————alpha-BHC
118-74-1——————Hexachlorobenzene________
319-85-7———————beta-BHC
87-86-5———————Pentachlorophenol________
58-89-9———————gamma-BHC (Lindane)_______ ___Q.QQ
85-01-8———————Phenanthrene_____________ -.
120-12-7——————Anthracene______________
319-86-8———————delta-BHC__________-______
76-44-8———————Heptachlor
309-00-2———————Aldrin___________________ ' 360
84-74-2———————Di-n-butylphthalate______
206-44-0———————Fluoranthene __________
1024-57-3—————Heptachlor epoxide
27323-18-8————Monochlorobiphenyl________ \ OOP
2051-60-7——————Dichlorobiphenyl__________ ft) op
2051-61-8—————Trichlorobiphenyl__________ ID DO
2051-62-9—^———Tetrachlorobiphenyl
129-00-0——————Pyrene__________________
5103-74-2—————gamma-Chlordane

(1) - Cannot be separated from Diphenylamine

FORM I HCE-2f



HIGH CONCENTRATION EXTRACTABLE ANALYSIS DATA SHEET

267
EPA SAMPLE NO.

I

Lab Name:

Lab Code:

c.* Oil / ̂

Case No.:

Contract:

SAS No. : 7SDG No.:

Phase Type:

Phase weight: / .0 (g)

Final Extract Volume:

Injection Volume: /

Conversion Factor:

PH: TO

CAS NO.

3.0

Lab Sample ID:

Lab File ID:

Date Received:

Date Separated:

Date Extracted:

COMPOUND

Date Analyzed: /£ -ll'&t

Q
CONCENTRATION

(•mg/Kg)

5103-71-9 ———— •
25429-29-2 —— •
72-55-9 ————— •
60-57-1 ————— •
26601-64-9 —— •
72-20-8 —————— •
33213-65-9 —— •
72-54-8 ————— •
28655-71-2 —— -
85-68-7 ————— •
1031-07-8 ——— -
50-29-3 ————— •
53494-70-5 ——— •
56-55-3 ————— •
72-43-5 ————— •
218-01-9 ———— •
55722-26-4 —— •

117-81-7 ———— •
53742-07-7 —— •
2051-24-3 ——— •
117-84-0 ———— •
2Q5-99-2 ———— -
207-08-9 ———— •
50-32-8 ————— -
193-39-5 ———— •
53-70-3 ————— •
191-24-2 ———— -

—— Endosulfan I
—— alpha-Chlordane
—— Pentachlorobiphenyl
—— 4 , 4 ' -DDE
—— Dieldrin
—— Hexachlorob ipheny 1
—— Endrin
—— Endosulfan II
—— 4, 4 '-ODD
—— Heptachlorobiphenyl
—— Butylbenzylphthalate
—— Endosulfan sulfate
—— 4,4 '-DOT
—— Endrin ketorie
—— Benzo (a) anthracene
—— Methoxychlor
—— Chrysene
—— octachlorobiphenyl
—— 3 , 3 ' -Dichlorobenzidine
—— bis(2-Ethylhexyl)phthalate
—— Nonachlorobiphenyl
—— Decachlorob ipheny 1
—— Di-n-octylphthalate
—— Benzo (b) fluoranthene
—— Benzo (k) fluoranthene
—— Benzo ( a) pyrene
—— Indeno (1, 2, 3-cd) pyrene
—— Dibenz (a , h) anthracene
—— Benzo (g,h, i) perylene

3CO
3OO

I COO
.OOD
300

1 000
•2GQ
.000
300

ID Ob

3OO
aoo
JiOO.
J>00

£• GOD

3000
• 360D

> .

U
M.
t .̂
U.
u.
u.

;z£
u.

u
u.
u.

u

u.

U-
U.

0

FORM I HCE-3 RJT



1HF
HIGH CONUJ4TKATTON EXTRACTABLE ANALYSIS DATA SHEET

TENTATIVELY IDENTIFIED COMPOUNDS

268
EPA SAMPLE NO.

Lab Nime:

Lab Code: Case No .

Contract:

SAS No.: SDC No.: 73AA0? -7

Phase Type:

Phase weight: 1^0 (g)
Final Extract Volume: / (mL)

Injection Volume: / (uL)

Conversion Factor: ___

pH: 1,0

Number TICs found: \la

Lah -Sample ID: _

Lab File ID: .

Date Received: _ /"

Date Separated:_

Date Extracted:_

Date Analyzed:

CAS NUKBEH

1.
2.'
3."
4.'
5."
6.'
7."
8."
9."

10."
11."
12."
13."
14."
15."
16."
17."
18."
19."
20."
21."
22."
23."
24."
25."
26."
27."
28."
29."
30."

CCMPOUiro NAME RT
EST. CONC.
(ng/Kg) ,

->n-?s:r-tL- . 5s?
1-n^fL-/- '-^ I-

16.11

ilr' ' \̂n7̂;.'.̂ 10.

u.sa
-Clt HH

mo
(,10

1/06

FORM I HCE-TIC



1HA
HIGH CONCENTRATION VOLATILE ANALYSIS DATA SHEET

113
EPA SAMPLE NO.

Lab Name : f.IrvCg

I

Lab Code: C Pnfg.T Case No. :

Phase Type: y^XL- _____

Phase weight:

Contract:;

SAS No.: SDG No.:

I .Q
Final Extract Volume:

Aliquot Volume: |(~)

(g)
ID.0

(uL)

Sample ID:

Lab File ID:

Date Received:

Date Separated:

\12 ig%

Conversion Factor:

CAS NO.

Date Analyzed: in!

COMPOUND
CONCENTRATION

(mg/Kg)

-Carbon Disulfide__
-1,l-Dichloroethene_
-1,l-Dichloroethane

7 4 -8 7-3———————Chlorcnet!:ane_
74-33-9———————Brcncsethane__
75-01-4———————vinyl Chlcride_
75-00-3———————Chloroethane
75-09-2———————Hetiiylene Chlorz.de_
67-64 -1————————Acetone __________
75-15-0—————
75-3 5-4 ————————
75-34-3———————— ________
540-59-0——————1, 2-Dichloroethene (total)
67-66-3———————Chloroform
107-06-2————
73-93-3—————
71-55-6—————
56-23-5—————
108-05-4————
75-27-4——————
78-87-5——————
10061-01-5——
79-01-6—————

•l,2-Dichloroethane_
•2-Butanone
-1,1,l-Trichloroethane_
-Carbon Tetrachloride_^
-Vinyl Acetate
•5roaiodichloronethane_
•1,2-Diciiloropropane

00 I
•po

-cis-1,3 -Dichloropropene_
•Trichloroethene

———trans-1,3-Dichloropropene_
———Bromofona

•4-Methyl-2-Pentanone
•2-Hexanone

124-48-1——————Dibromochloronethane_
79-00-5———————l,l,2-Trichloroethane_
71-43-2———————Benzene ____
10061-02-6-
75-25-2———
108-10-1—-
591-78-6—-
127-18-4—- ________
79-34-5———————l,l,2,2-Tetrachloroethane_
108-88-3———————Toluene________________
108-90-7——————Chlorobenzene___________
100-41-4——————Ethylbenzene___________
100-42-5——————Styrene________________
1330-20-7——————

-Tetrachloroethene

-Xylene (total)

2-5

ICoQ

FORM I HCV 001



HIGH CONCENTRATION VOLATILE ANALYSIS DATA SHEET
TENTATIVELY IDENTIFIED COMPOUNDS

114
EPA SAMPLE NO.

L«b Nome : C I O HPV c\
I

Lab Code: CdHCg-T Case No. : __

Phase Type: VQT L.

Phase weight: 1. Q (g)

Final Extract Voluse: }Q .Q (nL)

Aliquot: Volume: )f) (uL)

Contract: g>%-Q\-l4(ô
3qoox

SAS No.: g>eVZ^ SDG No.:

Conversion Factor:

Number TICs found:

• Q

Lab Sample ID:

Lab File ID: >A V\"?VH

Date Received:

Date Separated:

Date Analyzed:

CAS NUM3EH

3 .
4 .
5.'
6 . "
7.'
8.'
9.'

10.'
11."
12."
13."
14 ."
15."
16."
17."
13."
19."
20."
21."
22."
23."
24."
25."
26."
27.'
28."
29.'
30."

COMPOUND NAME

[\7 * r\£

-W' c l

( ' A :

RT

21.2^-
Zi .
22. 3.)
23 .

-5. . 1C

. n-

EST. CONC
(mg/Kc)

31-0

Z'XO

FORM I HCV-TIC
-I LIT 001 2381



1KB
HIGH CONCENTRATION EXTRACTABLE ANALYSIS DATA SHEET

EPA SAMPLE NO.

I

Lab Nane:

Lab Code: CFtitLCF

Phase Type:

Phase weight:

Case No.:

Contract:

SAS No.: SDG No.:

.0

Final Extract Volume:

Injection Volume: _/

Conversion Factor: __

pH: if-0

CAS NO.

(g)

I • 0 (mL)

(uL)

Lah Sample IDi

Lab File ID: *>C.llQ 2.

Date Received: 7*" 2/~ f S

Date Separated: ______ _

Date Extracted; 1 6 -

Date Analyzed: /6-/I

COMPOUND
CONCENTRATION

(mg/Kg)

108-95-2 ——
111-44-4 ——
95-57-8 ———
541-73-1 ——
106-46-7 ——
100-51-6 ——
95-50-1 ———
y 3 — H O / -•—

108-60-1 ——
106-44-5 ——
621-64-7 ——
67-72-1 ———
jtjyoj
/ O 3 J i

OO / 3̂ 3̂ ""™"̂

105-67-9 ——
65-85-0 ———
111-91-1 ——

120-82-1 ——
91-20-3 ———

———— Phenol
———— bis (2-Chlcroe-chyl) ether
———— 2-Chlorophenol
———— 1,2-Dichlorobenzene
———— 1 , 4-Dichlorobenzene
———— Benzyl alcohol
———— 1 , 2-Dichlorobenzene
———— 2-Methylphenol
———— bis ( 2-Chloroisopropyl ) ether
———— 4-Methylphenol
———— N-Nitroso-di-n-propylamine
———— Hexachloroethane
———— Nitrobenzene
———— Isophorone
———— 2-Nitrophenol
———— 2 , 4-Dimethylphenol
———— Benzoic acid
———— bis ( 2-Chloroethoxy ) methane
———— 2 , 4-Dichlorophenol
———— 1 , 2 , 4-Trichlorobenzene
———— Naphthalene

106-47-8 —————— 4-Chloroaniline
87-68-3 ———
59-50-7 ———
91-57-6 ———
77-47-4 ———

95-95-4 ———
91-58-7 ———
88-74-4 —— =
131-11-3 ——

606-20-2 ——

———— Hexachlorobutadiene
———— 4 -Chloro-3 -methylphenol
———— 2 -Methylnaphthalene
———— Hexachlorocyclopentadiene
———— 2 , 4 , 6-Trichlorophenol
———— 2 , 4 , 5-Trichlorophenol
———— 2-Chloronaphthalene
———— 2 -N itr oanil ine
———— Dimethylphthalate
———— Acena phthy 1 ene
———— 2 , 6-Dinitrotoluene

_

...... vÂ -
FORM I HCE-1



1HC
HIGH CONCENTRATION EXTRACTABLE ANALYSIS DATA SHEET

ft* (It PL* ka______

307
EPA SAMPLE NO.

Lab•Nane:_____________________

La*, Code: C.EdQJlF Case No.: __

Phase Type: (JlL

Phase weight: I > O (g)

Final Extract Volume: I. ft (mL)

Injection Volume: I (uL)

Conversion Factor: 7-0

pH: (l-O

Contract:

SAS No.: SDG No.: BH/?<?<?7

Lab Sample ID:

Lab File ID:

Date Received:

Date Separated:

Date Extracted:

Date Analyzed: /

CAS NO. COMPOUND
CONCENTRATION

(mg/Kg)

99-09-2 ——————— 3-Nitroaniline
83-3 2-9———————Acenaphthene
51-28-5———————2,4-Dinitrophenol
100-02-7——————4-Nitrophenol
132-64-9——————Dibenzofuran
121-14-2——————2,4-Dinitrotoluene
84-66-2———————Diethylphthalate
7005-72-3—————4-Chlorophenyl-phenylether_
86-73-7———————Fluorene
100-01-6——————4-Nitroaniline
534-52-1——————4 , 6-Dinitro-2-methylphenol_
86-30-6———————N-Nitrosodiphenylamine (1) _
101-55-3——————4-Bromophenyl-phenylether
319-84-6———————alpha-BHC
118-74-1——————Hexachlorobenzene
319-85-7———————beta-BHC
87-8 6-5———————Pentachlorophenol
58-89-9———————gamma-BHC (Lindane)
85-01-8———————Phenanthrene_____________ -
120-12-7——————Anthracene
319-86-8———————delta-BHC_________
76-44-8———————Heptachlor
309-00-2——————Aldrin________:
84-74-2———————Di-n-butylphthalate
206-44-0——————Fluoranthene
1024-57-3—————Heptachlor epoxide
27323-18-8—————Monochlorobiphenyl________ < QOp
2051-60-7—————Dichlorobiphenyl__________ <Q op
2051-61-8—————Trichlorobiphenyl________ 10 on
2051-62-9—^———Tetrachlorobiphenyl_______ \COO
129-00-0——————Pyrene
5103-74-2—————gamma -Chl ordane

(1) - cannot be separated from Diphenylamine

FORM I HCE-2f



308
1HD

HIGH CONCENTRATION EXTRACTABLE ANALYSIS DATA SHEET
EPA SAMPLE NO.

Lab Naae;

Lab Code: Case No.:

Contract :

SAS No. : -<it-2J SDG No.:

Phase Type:

Phase weight: ' • (g)

Final Extract Volume:

Injection Volume: /

Conversion Factor:

FH: (s -0

CAS NO.

Lab Sample ID:

Lab File ID:

Date Received:

Date Separated:

Date Extracted:

Date Analyzed:

>CI

/£ '

COMPOUND
CONCENTRATION

(mg/Kg)

y s y — yo o — — — —— Er.dcsulfan I
5103-71-9 ————— alpha-Chlordane
25429-29-2 ——
72-55-9 —————
60-57-1 —————
26601-64-9 ——
72-20-8 —————
33213-65-9 ——
72-54-8 —————
28655-71-2 ——
85-68-7 —————
1031-07-8 ———
50-29-3 —————
53494-70-5 ———
56-55-3 —————
72-43-5 —————
218-01-9 ————
55722-26-4 ——
91-94-1 —————
117-81-7 ————
53742-07-7 ——
2051-24-3 ———
117-84-0 ————
205-99-2 ————
207-08-9 ————
50-32-8 —————
193-39-5 ————
53-70-3 —————
191-24-2 ————

—— Pentachlorobiphenyl
—— 4, 4 '-DDE
—— Dieldrin
—— Hexachlorosiphenyl
—— Endrin
—— Endosulfan II
—— 4 , 4 ' - D D D
—— Heptachlorobiphenyl
—— Butylbenzylphthalate
—— Er.dosulfan sulfate
—— 4,4 '-DOT
—— Endrin Jcetone
—— Benzo( a) anthracene
—— Methoxychlor
—— Chrysene
—— Octachl orob ipheny 1
—— 3 , 3 ' -Dichlorobenzidine
—— bis ( 2 -Ethy Ihexy 1 ) phthalate
—— Nonachlorobiphenyl
—— Decachlorobiphenyl
—— Di-n-octylphthalate
—— 3enzo(b) fluoranthene
—— Benzo(k) fluoranthene
—— Senzo(a)pyrene
—— Indeno (1,2,3 -cd) pyrene
—— Dibenz ( a , h) anthracene
—— Benzo(g,h, i) perylene

JDO
3OQ

/ OOft
.'JCD
300

1 OOO
•JGo
.000
J2O<9

\DO°

3OO
3.OO
J&O

_2 Of)

3-C O&

300O
3c>Oc>

u
<-L
w<-
u.
u.
U.
ot. S

~^——\f u \
Lt

U
LA
U.

U

L>^

U~
U.

/M-''

FORM I HCE-3



1HF
HIGH CONCENTRATION EXTRACTABLE ANALYSIS DATA SHEF

TEHTATTVELY IDENTIFIED COMPOONDS

Lab Name: c<^/7 Ktr t~6.b>$ Contract: i/%-6'/

Lab Code: C£lU%gf Case No.: SAS l*o.',3Wr-S

Phase Type: U/^-

Phase weight: 1.0 (g)

Final Extract Volume: / (mL)

Injection Volume: / (UL)

Conversion Factor: 2&

PH: b.O

Number TICs found

GAS NUMBER

1.
2.
3.
4.
5.
6. £.2<?7<7
7.
8.
9 . k 313-3$

10. //jf'Sx:
11.
12.
13.
14.
IS.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.

' 29.
30.

COMPOUND NAME

C-y .^u-^i-f.-k^W x£.n-ze-/t_t
td. ' K_t/ /-' '•/' - *>V-f -U- . //- T^xrt^^ru .
<^L< m/ -4-k t / - / f i\> ̂  . / 1 f^i-b .(\- <^ o -T -f nj
^ LLh<-^'^- 1 W o^^ „ r x '^pA*/-^ /«-,^L
-iirt^ -a ( A ^ ,->M. A c. /^ /u /- ^/^ ///?
rt^p^sV^x--!,,^
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BAI personnel began the soi l vapor s c r e e n i n g su rvey for

benzene, toluene, ethylbenzene and xylenes (BTEX). The initial

screening investigation was completed on April 23, 1988.

The survey results show an area of petroleum hydrocarbon

vapor concentrations with levels ranging from not detectable (ND)
•

to 1 ,675 ppm of benzene in the south and central portion of the

ETSS facility. Immediately to the south of the ETSS property the

vapor concentrations were significantly reduced. A second area

of petroleum hydrocarbon vapor concentrations ranging from ND to

128 ppm of benzene was obtained offsite in an area adjacent to

the west and southwest of the station. A third area of

petroleum hydrocarbon vapor concentrations ranging from ND to

2.5 ppm of benzene was found throughout the remaining sampling

stations.

Although chlorinated compounds are not associated with motor

fuel storage and dispensing operations, DPNR-EPA requested ESSO

to include in the soil vapor screening survey analyses of the

following chlorinated hydrocarbons: dichloroethylene (DCE) ,

tetrachloroethylene (PCE), trichloroethylene (TCE). This request

was made by the agencies because chlorinated compounds were

reported in the groundwater and found in a previous soil vapor

survey conducted in the area. This investigation showed that

chlorinated hydrocarbon vapors were present in most of the points

sampled.
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A soil vapor survey was conducted at the Texaco service

s t a t i o n . The Texaco service s ta t ion is located 600 ft.

upgradient from the ETSS tacii-ity. A report of their finding was

submit ted on December 18, 1987, to the regulatory agencies.

*

2.0 PROJECT BACKGROUND

A number of water wells have been shut down by the

Department of Planning and Natural Resources of the USVI (DPNR)

and the Environmental Protection Agency Region II, New York (EPA)

as a result of reported groundwater contamination in the Tutu

area of St. Thomas, U S V I . D P N R / E P A believe that among the

possible sources of aromatic hydrocarbons found in the

groundwater may be the gasoline stations which operate or had

operated in the Tutu area. Esso, as the owner of a gasol ine

service station located in the Four Winds Shopping Center at the

Tutu Area of St. Thomas, was issued an adminis t ra t ive order by

DPNR to investigate the site. Esso contracted BAI to conduct

the investigation and to issue a report on the findings.

ESSO and BAI representatives met several t imes wi th E P A ' s

P ro jec t M a n a g e r s , Mr. Charles Dolan, who was subsequent ly

replaced by Ms. Caroline Kwan; DPNR ' s r e p r e s e n t a t i v e s , Ms.

Francine Lang and Gregory Rhymer; and the Project Officer from

Camp, Dresser & McKee Federal Programs Corporation (CDM-FPC), Mr.

Scott B. Graber, to discuss the technical approach to be used in

the investigation.

OOl 23R9



4.0 RESULTS OF SOIL GAS SURVEY

4.1 AROMATIC HYDROCARBONS

Table 4.1.1 presents the highest BTEX analyses results of

the sequential samples obtained from each soil vapor sample

point. Sequential samples were taken during the survey instead

of duplicate split samples originally proposed in the Work* Plan.

Copies of all chromatograms and daily calibration curves are

presented in a separate supplement entitled: "Photocopies of

Original Gas Chromatograms and Calibration Curves".

At the drift point selected for the ETSS soil vapor

investigation, repeated samples were taken by inserting separate

probes within an area of less than 150 square feet to determine

whether soil vapor values varied significantly over time and

short distance. A total of 7 drift point values for BTEX and

chlorinated hydrocarbons were obtained during 7 of the 14

sampling days. (See tables 4.1.2A and 4.1.2B for results and

figure 3.1.1 for location). Drift point benzene values ranged

between <1 ppm and 160 ppm. (The highest value recorded was

from a sample obtained from a depth of 6 ft.) The range of

values obtained in the drift point area may be in part controlled

by the inability to obtain samples from the same depth along with

the time and spacial differences that could naturally occur.

Depth achieved for any sampling point was controlled by

local lithology.
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Vr Values reported in tables 4.1.1 and 5.0.1 are the calculated

values without subtracting background and/or drift point values.

The soil vapor screening survey identified three areas of

measurable BTEX vapor concentrations:

o Area 1 - Service station property and area south of

property.

Benzene vapor concentrations ranged from ND to 1,675

pptn.

o Area 2 - West and southwest of service station.

Benzene vapor concentrations ranged from ND to 128 ppm.

o Area 3 - North and east of the service station.

Benzene vapor concentrations ranged from ND to 2.5 ppm.

Figure 4.1.3 presents a distribution map of benzene, toluene

and xylenes soil vapor results found during this study. Due to

unavailability of a gaseous standard for E-benzene, no values for

this component are reported in this study.

Contour maps of soil vapor concentrations for total BTEX,

benzene, toluene and xylenes are presented in-figures 4.1.4,

4.1.5, 4.1.6 and 4.1.7 respectively. The contour maps have been

derived from values obtained from the soil gas survey and do not

constitute concentrations of hydrocarbons in the soil or

groundwater of the area in question.
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Table 4.1.2 A

VALUES SHOWING

HIGHEST CONCENTRATION OF AROMATIC HYDROCARBON VAPORS,.

ESSO TUTU AREA (PPM)

M-P-XYLENE 0-XYLENE

ND ND

ND ND

ND ND

ND ND

ND ND

ND 5.880

0.984 0.330

ME MASKING EFFECT

ND NOT DETECTED

OCATION

,.P. 1

.P. 2

D.P.3

.P. 4

•\F

j.p.e
.P. 7

DATE

4/6/88

4/7/88

4/8/88

4/11/88

4/12/88

4/13/88

4/14/88

DEPTH

8'0"

6'0"

' 3 '6"

6'8"

6'0"

7'0"

6 '3. 5"

BENZENE

ND

160.679

ND

ND

ME

ND

ND

TOLUENE

ND

ND

ND

ND

ND

0.660

0.964
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Table 4.1.2 B

VALUES SHOWING

HIGHEST CONCENTRATION OF CHLORINATED HYDROCARBON VAPORS,

ESSO TUTU AREA (PPM) «

LOCATION

D.P.1

D.P.2

D.P.3

D.P.4

D.P.5

D.P.6

D.P.7

DATE

4/6/88

4/7/88

4/8/88

4/11/88

4/12/88

4/13/88

4/14/88

DEPTH

8'0"

6'0"

3'6"

6 '8"

6'0"

7'0"

6'3.5"

DCE

ND

ND

ND

ND

ND-

ND

22.16

TCE

ND

ND

ND

ND

ND

ND

0.104

PCE

ND

ND

ND

ND

3.064

ND

0.196

ND NOT DETECTED

20
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